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Preface 


There  are  a  number  of  good  texts  on  bakery  technology  which  either 
deal  principally  with  small  bake-shop  practices  or  concentrate  on  funda¬ 
mental  scientific  principles  to  the  exclusion  of  the  engineering  aspects 
of  the  subject.  It  is  not  the  purpose  of  the  present  volume  to  compete 
with  these  works.  Instead,  we  have  attempted  to  provide  those  interested 
in  bakery  science  with  a  discussion  of  the  scientific  principles  of  modem 
large-scale  processing  methods  and  to  give  them  an  introduction  to  the 
application  of  automation  in  the  bakery.  In  order  to  provide  a  complete 
one-volume  treatment,  rather  extensive  descriptions  of  the  chemistry  and 
technology  of  the  most  important  raw  materials  are  included,  as  well  as 
discussions  of  the  fundamental  processing  techniques  which  can  be  ap¬ 
plied  to  doughs  and  batters.  We  believe  that  our  approach  is  new  and 
that  the  book  fills  an  important  need  in  the  literature  of  food  technology. 

This  book  is  a  collaborative  effort  of  more  than  twenty  different  authors. 
By  using  a  battery  of  experts,  we  hoped  to  avoid  the  excessive  reliance 
upon  the  literature  which  sometimes  results  in  the  perpetuation  of  errors, 
and  to  bring  new  ideas  into  print.  Authors  were  selected  from  among 
those  scientists  and  engineers  who  have  a  close  and  continuing  acquaint¬ 
ance  with  modern  commercial  practices  in  their  specialized  areas.  At¬ 
tempts  were  made  to  obtain  authors  who  had  fresh  and  non-derivative 
views  of  their  fields. 

Bibliographies  of  considerable  length  have  been  appended  to  most 
of  the  chapters.  Where  the  bibliographies  are  reduced  in  size,  the 
cause  is  a  dearth  of  pertinent  literature  rather  than  a  lack  of  diligence 
on  the  part  of  the  authors. 

This  book  is  not  directed  to  cereal  chemists  and  bakery  engineers  alone, 
although  its  most  obvious  appeal  is  to  these  groups.  Food  technologists 
connected  with  industries  which  supply  raw  materials  for  bakery  products 
should  find  the  book  helpful  in  directing  new  product  development  and 
product  improvement  studies.  Marketing  and  sales  personnel  should 
find  the  material  presented  to  be  of  value  in  orienting  themselves  with 
respect  to  factors  affecting  product  quality  and  the  economics  of  pro¬ 
duction.  Administrators  who  are  not  technically  trained  will  find  in 
this  one  volume  a  unified  treatment  of  the  technology  and  engineering 
of  their  business  which  can  make  more  meaningful  the  reports  of  their 
I  esc  arch,  development,  and  quality  control  personnel. 
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CHAPTER  1 


H.  H.  Schopmeyer 


Flour 


WHEAT  FLOUR 


Wheat  flour  is  unique  among  the  cereal  flours  in  that  when  mixed 
with  water  in  correct  proportions  the  protein  will  form  an  elastic  dough 
which  is  capable  of  holding  gas  and  which  will  set  to  a  spongy  structure 


when  heated  in  the  oven.  It  is  this  phenomenon  which  makes  possible 
the  production  of  wheat  bread  as  we  know  it. 


The  peculiar  properties  of  doughs  made  from  wheat  flour  were  explained 


by  Halton  and  Scott-Blair  (1937).  They  described  flour  dough  as  con¬ 


taining  protein  chains  which  behave  like  “coiled  springs”  and  which  are 
responsible  for  its  elastic  behavior.  The  linkages  between  the  chains 


are  not  equally  strong  at  all  points  so  that  when  the  dough  is  extended 
some  of  them  break  almost  immediately  causing  permanent  deformation 
of  flow,  while  others  remain  intact  and  maintain  the  rigid  structure  of 
the  dough.  “All  of  these  adjustments  in  the  protein  network  have  to 
take  place  in  the  presence  of  a  starch-water  mixture  which,  although 
primarily  fluid,  also  possesses  some  rigid  properties,  thus  complicating 
the  situation,  making  impossible  the  complete  relaxation  of  even  those 
protein  units  which  are  capable  of  truly  elastic  recovery.” 


Swanson  (1938A)  explained  the  phenomenon  of  gluten  formation  in 
wheat  flour  doughs  as  related  to  the  hydration  of  the  gluten  molecules. 
When  flour  is  first  wetted  with  water,  the  protein  particles  are  arranged 
in  a  heterogeneous  fashion.  The  action  of  the  mixers  tends  to  orient 
the  gluten  particles  in  a  parallel  arrangement.  Where  there  is  a  milliner 
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i'lc;.  1.  Phopehly  Developed  Sthonc;  W’heat  Flour  Doe’oh 
Showing  Elasticity  oe  C’.luten 


are  said  to  be  due  to  each  gluten  filament  being  surrounded  by  a  water 
film  as  a  result  of  over-mixing.  Such  over-mixed  doughs  will  stick  to 
surfaces  through  this  water  film  because  the  forces  which  hold  these 
filaments  together  are  the  same  forces  which  attract  the  water  to  other 
surfaces. 

Doughs  from  different  flours  require  different  amounts  of  mixing  to 
develop  them  to  a  satisfactory  degree.  This  is  explained  by  differences 
in  the  rates  at  which  the  water  in  the  dough  combines  with,  or  hydrates, 
the  gluten.  There  may  also  be  differences  in  the  configuration  of  mo¬ 
lecular  structure  and  the  way  in  which  the  protein  particles  are  bound 
together  in  the  gluten  strands. 

Baker  and  Mize  (1941)  studied  the  origin  of  gas  cells  in  the  doughs 
and  considered  five  hypothetical  sources  of  gas  cells  as  follows:  ( 1 )  the 
gas  cells  in  the  endosperm  particles  are  incorporated  in  the  dough;  (2) 
the  gas  voids  between  the  endosperm  particles  are  incorporated  in  the 
dough;  (3)  the  mixing  beats  gas  into  the  dough  and  subdivides  it  to 
produce  gas  cells  of  small  size;  (4)  the  gas  pressure  caused  by  the  yeast 
will  originate  new  cells  around  the  organism;  and  (5)  the  work  applied 
to  the  dough  after  it  is  mixed,  such  as  folding,  punching,  rolling,  mould¬ 
ing,  and  twisting,  subdivides  gas  particles  to  increase  their  number. 
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Each  liypothetical  source  of  gas  cells  was  considered  further  by 
studying  a  series  of  doughs  in  vacuum.  On  the  basis  of  this  work  it  was 
concluded  that  the  yeasts  themselves  are  incapable  of  originating  gas 
cells  in  doughs  but  furnish  dissolved  gas  which  diffuses  into  cells 
fonned  from  air  beaten  into  doughs  during  the  mixing  operation.  Baker 


(1941)  separated  intact  gas  cells  from  dough  as  thin  translucent  protein 
bubbles  by  diluting  doughs  with  brine.  The  cell  wall  material  was 
found  to  be  glutinous  in  character  and  to  consist  of  about  45  per  cent 
protein  and  25  per  cent  starch  on  the  dry  basis. 

From  obser\'ations  on  fermenting  doughs,  Baker  noted  that  there  was 
a  tendency  for  the  starch  and  gluten  to  separate  during  fennentation 
and  for  the  gluten  to  form  into  transparent  cells.  This  led  him  to  conclude 
that  the  starch  in  flour  is  not  necessary  for  cell  formation  in  doughs. 
Baker  further  stated  that  “this  film  is  drawn  to  the  surface  because  the 
gas  nucleus  from  which  the  bubbles  originated  is  a  glutinous  core.  As 
the  bubble  was  expanding  the  required  amount  of  gluten  to  satisfy  its 
surface  needs  was  drawn  from  the  starch-gluten  matrix  of  the  endosperm 
material.  The  properties  that  enabled  this  to  occur  may  be  controlled 
by  the  viscosity  and  fluidity  of  the  gluten  and  the  amount  of  adhesion 
of  the  gluten  to  starch.” 

In  the  light  of  the  above  observations,  the  importance  of  intensive 


mixing  of  cake  batter  is  emphasized  because  vigorous  mixing  action  will 


incorporate  minute  air  bubbles  into  the  batter  which  can  later  expand 
during  baking  into  the  fine  cells  necessary  for  proper  texture  in  the 
finished  cake.  The  quantity  of  gas  necessary  for  expansion  could  come 
from  several  sources,  including  chemical  leavening  used  in  the_batter, 
from  steam  developed  during  baking,  or  from  the  expansion  of  the 
occluded  air  bubbles  themselves  at  baking  temperature.  ~ 


Types  of  Wheat 


Commercial  wheats  vary  widely  in  properties  depending  on  the 
variety  and  area  where  grown.  They  may  be  loosely  grouped  into  two 

general  headings  as  hard  and  soft.  The  hard  wheats  include  hard 
spring,  hard  winter,  and  durum. 


The  hard  spring  and  hard  winter  wheats  are  the  tvpes  most  desirable 
or  bread  production.  They  mill  well  and  yield  good  quantities  of  flour 
diat  IS  high  in  good  quality  protein,  from  which  strong,  elastic  doughs 
can  be  made  wi  1,  proper  development.  These  doughs  have  good  tol- 
rance  to  bakeshop  conditions  with  respect  to  mixing,  fennentation 
temperature,  etc.,  and  have  excellent  gas-holding  properties  and  will 
yield  bread  with  good  volume,  grain,  and  texture  under  a  wide  r  uiiie 
of  conditions.  The  hard  wheat  doughs  have  high  water  idlL^Hife 
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capacity  and  generally  have  excellent  dongh-hanclling  properties  when 
properly  matured.  The  hard  spring  and  hard  winter  wheats  c-omprise 
about  70  per  cent  of  the  annual  acreage  sown  to  wheat  in  the  United 
States,  as  shown  by  Table  1  (Clark  and  Qiiisenberry  1944). 

Iabl?:  1 

DISTRIBUTION  OF  PRINCIPAL  WHEAT  CLASSES 


Total  Wheat  Area  Occupied,  Per  cent 


Class 

1919 

1924 

1929 

1934 

1939 

1944 

1939,  .Acres 

1944,  .Acres 

Hard  red 

24.2 

22.4 

22. 

0 

23. 

2 

20.9 

24.0 

13,330,648 

15,765,582 

spring 

Durum* 

6.4 

8.2 

9 

,4 

4 

,6 

5.3 

3.3 

3,872,405 

2,179,258 

Hard  red 

32.0 

41 .4 

43 

.5 

44 

.6 

47.6 

46.8 

30,456,919 

30,709,456 

winter 

Soft  red 

30.1 

22.1 

17. 

,7 

20 

9 

19.6 

18.2 

12.552,634 

11,9.37,179 

winter 

White 

7.3 

5.9 

7 

.4 

6 

.7 

6.6 

7.7 

4,198,394 

5,092,525 

Total 

100.0 

100.0 

100 

,0 

100 

0 

100.0 

100.0 

63,911,000 

65,684,000 

'  Includes  durum  and  red  durum  classes. 


Durum  wheat  is  produced  principally  in  two  varieties,  amber  durum 
which  is  used  chiefly  in  making  alimentary  pastes  such  as  macaroni, 
spaghetti,  noodles,  etc.;  and  red  durum,  which  has  very  little  value  for 
milling  and  is  used  principally  as  a  poultry  and  livestock  feed. 


Table  2 


QUALITY 

ME.ASURES 

ON  VARIETIES  IN  THE 

DIFFERENT 

CLASSES  OF 

WHEAT 

Class 

No.  of 
Sam¬ 
ples 

Test 

Wt. 

Cleaned 

Wheat, 

Lbs. 

Protein 

in 

\\  heat. 
Per  cent 

A’ield 
.Straight 
Flour, 
Per  cent 

Ash  in 
Straight 
Flour, 
Per  cent 

Water 

.Absorp¬ 

tion, 

Per  cent 

Loaf 

Vol¬ 

ume, 

C.C. 

Tex¬ 
ture, 
Per  cent 

Hard  red 

1128 

58 . 5 

13.9 

69 . 6 

0  49 

59.9 

2210 

89.5 

spring 

Durum 

387 

60.3 

15.5 

71.1 

0.77 

62.4 

1943 

89., ■> 

Hard  red 

334 

61  1 

13.5 

72  4 

0.45 

61 . 1 

2028 

89.5 

winter 

Soft  red 

187 

60 . 5 

11.3 

71 .0 

0  46 

56.1 

1929 

87.7 

winter 

White 

511 

60  1 

12.3 

70 . 6 

0.47 

57.2 

1876 

86  9 

wheat 


The  soft  wheats  include  soft  red  and  soft  white  wheats  grown  prin¬ 
cipally  in  Ohio,  Missouri,  Indiana,  Illinois,  Pennsylvania,  New  York,  and 
Michigan,  and  the  Pacific  Northwest.  These  wheats  comprise  about  20 
per  cent  of  the  total  acreage  grown  in  the  United  States  and  are  used 
principally  in  the  production  of  flour  for  cakes,  pastries,  cookies,  etc. 
They  are  characterized,  for  the  most  part,  as  being  low  in  protein  and 
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they  yield  flours  which  have  low  water-absorption  capacity  and  poor 
tolerance  to  mixing  and  fermentation  in  bake  shop  practice.  They 
handle  poorly  in  bread  baking  equipment.  They  are  generally  con¬ 
sidered  undesirable  for  commercial  bread  production  but  are  highly 
desirable  for  the  production  of  cakes,  pastries,  and  cookies. 

Schellenberger  and  Clark  ( 1924 )  reported  milling  and  baking  results 
on  a  large  number  of  samples  of  several  varieties  (Table  2).  It  will  be 
seen  that  the  hard  red  spring  and  winter  wheats  rated  highest  in  loaf 
volume,  while  the  soft  wheat  rated  lowest.  The  hard  wheats  all  rated 
higher  in  absorption  than  the  soft  wheats,  with  durum  rating  the  highest. 


Flours  of  Different  Extraction 

In  the  gradual  reduction  system  of  milling  the  flour  comes  off  the 
various  stages  of  reduction  in  different  quality,  becoming  progressively 
poorer  in  color  and  baking  quality  and  higher  in  ash  as  the  stocks  flow 
down  the  mill.  While  the  composition  and  proportion  of  the  individual 
streams  will  vary  considerably  with  the  length  and  flow  of  the  milling 
system,  the  type  of  grain  being  processed,  and  the  technique  of  the 
individual  miller.  Table  3  shows  stream  percentage  and  analytical  data 
of  a  typical  flow  on  a  hard  winter  wheat  mix. 

It  will  be  seen  that  in  this  particular  flow,  with  five  breaks  and  six 
reductions,  the  ash  content  ranged  from  a  low  value  of  0.38  per  cent  on 
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KI.OIIR  PERCEN  l  ACJKS  AND  SI  REAM  ANAEVSES  EOR  Mil, I.  PROCESSING  HARD  WINTER  WHE.M'  MIX 

Test  Weight  60.5  Ibs./bu. 


Stream 


Ash  Protein  Per  cent  of 

Moisture  (at  14  Per  cent  Moisture)  Total  Flour 


1st  Break  15.7 

2nd  Break  15.8 

3rd  Break  15.3 

4th  Break  15.2 

5th  Break  14.4 

Break  cuts  15.8 

1st  Midds  14  5 

2nd  Midds  14  1 

3rd  Midds  13.3 

4th  Midds  12.9 

5th  Midds  11.8 

6th  Midds  12.7 

Sizings  14.9 

Quality  1 3  ■  8 

1st  Tailings  13.8 

2nd  Tailings  14.0 

3rd  Tailings  13.8 

1st  Low  grade  12.7 

2nd  Low  grade  12  2 

3rd  Low  grade  11.2 

Wheat  to  rolls  15  9 


0, 

48 

11  . 

80 

0. 

43 

12. 

90 

0. 

48 

14. 

90 

0. 

59 

17. 

00 

0. 

69 

17. 

00 

0. 

45 

13. 

90 

0. 

38 

11  . 

50 

0. 

38 

11  . 

20 

0. 

40 

10, 

90 

0 

46 

12. 

40 

0 

65 

13 

.10 

0 

69 

14 

.10 

0 

40 

11 

10 

0 

,56 

11 

.70 

0 

,69 

14 

.10 

0 

.73 

15 

.60 

0 

.95 

14 

.90 

0 

.99 

14 

.30 

1 

.55 

15 

.20 

2 

44 

16 

.90 

1 

.53 

12 

80 

2.7 

2.9 
1.4 

2.7 

1.9 
5. 1 

30.2 

23.3 

5.6 

3.8 
2.0 

1.6 

5.8 
2.6 
1.3 
1.3 
4  0 
0.60 
0.60 
0.60 
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Dtanrain  In/  Dr.  C.  O.  Swanson,  Conrtcsu  of  Burges.s  PuI)Iishing  Co. 
2.  OiAHT  SH(n\’iNc;  Hei-a iionsiiips  ok  Fi.ouh  (Shades 


1st  and  2nd  midds  to  a  high  of  2.44  per  cent  on  low  grade.  Protein 
likewise  varied  widely,  running  12.80  per  cent  in  the  wheat  and  from 
11.10  per  cent  in  the  sizings  flour  to  17.00  per  cent  in  the  4th  and  5th 
break  flour.  The  percentage  of  the  streams  also  varied,  with  1st  midds 
being  the  largest  with  30.2  per  cent  and  the  1st,  2nd,  and  3rd  low  grade 
streams  the  smallest  each  with  0.6  per  cent  of  the  flour.  Each  of  the 
nine  streams,  3rd  and  5th  break,  5th  and  6th  midds,  1st  and  2nd  tailings, 
and  1st,  2nd,  and  3rd  low  grade,  were  less  than  2  per  cent  of  the  flour. 

The  baking  properties  of  these  streams  likewise  varies  widely.  How¬ 
ever,  the  individual  streams  are  not  used  as  such  in  commercial  opera¬ 
tions,  but  are  combined  to  make  the  various  grades  of  flour.  The  lower 
ash  streams  are  customarily  combined  to  produce  short  extraction,  or 
what  is  termed  in  the  milling  industry  ‘short  patent  flour,  which  may 
amount  to  from  35  per  cent  to  60  per  cent  of  the  flour.  Additional 
streams  may  be  incorporated  into  the  short  patent  portions  to  make  a 
longer  extraction,  or  patent,  flour  with  the  remainder  classed  as  fancy 
clears;  or  all  streams  may  be  combined  to  produce  a  “straight  grade”  flour. 

In  some  instances  several  grades  of  flour  are  produced  simultaneously, 
such  as  a  short  patent  grade  from  the  lower  ash  streams,  a  middle  grade 
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from  the  inteiTnecliate  quality  streams,  a  first  clear  from  the  pooiei 

streams,  and  a  second  clear  from  the  remainder^  /iqqSRl  shows 

A  schematic  diagram  (Fig.  2)  prepared  by  Swanson  sho 

the  proportions  of  the  various  Hour  grades  and  of  feeds  which  may 

produced  simultaneously  from  wheat.  ,  ,  ,  i- 

The  composition  of  these  grades  will  vary  widely  depending  on 
percentage  of  the  total  flour  and  streams  which  make  them  up  and  with 
the  types  of  wheat  from  which  they  are  made,  as  is  shown  m  Table  . 


Table  4 


COMPARATIVE  COMPOSITION  OF  WHEAT  AND  FLOOR  GRADES 


Type  of 
Wheat 

Protein 
Content  of 
Wheat  at  1 4 
Per  cent 
Moisture 

Grade  of 
Flour 

Per  cent 
Extraction 
of  Flour 
Based  on 
Wheat 

Per  cent 
.\sh  in 
Flour  at  14 
Per  cent 
Moisture 

Per  cent 
Protein  in  Flour 
at  14 

Per  cent 
Moisture 

Soft  red 

9.80 

Straight 

72 

0.38 

8.20 

Short  patent 

35 

0.30 

7.50 

Bakers  patent 

65 

0.34 

7.90 

Clear 

10 

0 . 68 

9.90 

Hard  sprint? 

13.50 

Straight 

72 

0.47 

12.90 

Short  patent 

35 

0.39 

12.00 

Medium  patent 

60 

0.41 

12.20 

Long  patent 

65 

0.43 

1  2 . 50 

First  clear 

10 

0.70 

1  5 . 50 

Second  clear 

4 

1 .20 

1 6 . 50 

Hard  winter 

1 2 . 90 

Straight 

72 

0.47 

12.10 

Medium  patent 

60 

0.41 

11.70 

Long  patent 

68 

0.45 

12.00 

Second  clear 

4 

1 .20 

16.00 

It  will  be  seen  that  the  ash  content  for  the  straight  grade  soft  at  72  per 
cent  extraction  runs  0.38  per  cent  while  the  straight  grade  from  hard 
spring  at  approximately  the  same  extraction  ran  0.47  per  cent  ash  at 
14.0  per  cent  moisture.  The  protein  contents  of  the  various  wheats  also 
were  vastly  different,  with  soft  red,  hard  spring,  and  hard  winter  running 
9.80,  13.50,  and  12.90  per  cent  respectively.  The  protein  content  of  the 
wheats,  as  well  as  the  protein  and  ash  contents  of  the  flour,  will  vary 
somewhat  from  season  to  season,  depending  on  growing  conditions. 

Table  5  illustrates  the  variation  which  can  be  encountered  in  wheat 
samples.  In  this  study  nine  samples  of  Bison  wheat  representing  the  1958 
crop  were  obtained  from  certified  seed  growers  in  the  state  of  Kansas. 
Samples  were  taken  from  different  soil  areas  as  judged  by  a  Kansas 
State  Soil  map,  and  analyzed  for  ash  and  protein.  \  portion  of  each 
was  tempered  to  16  per  cent  moisture  and  milled  on  a  Buhler  mill 
It  will  be  seen  that  the  protein  content  of  the  wheat  ranged  from  10.6 
per  cent  to  14.7  per  cent  and  the  ash  content  of  the  flour  ranged  from 
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Fig.  3.  I^arinograph  Charts  for  Flour  Milled  from 
Samples  of  Bison  Wheat  Grown  in 
Various  Kansas  Soil  Areas 

0.33  pei  cent  at  68.7  per  cent  extraction  to  0.39  per  cent  at  65.2  per  cent 
extraction.  The  protein  content  of  the  flour  likewise  varied  over  a  wide 
range,  the  lowest  being  9,2  per  cent  from  the  sample  of  wheat  which 
ran  10.6  per  cent  protein  and  the  highest  being  13.2  per  cent  from  the 
highest  protein  sample  of  wheat  which  ran  14.7  per  cent.  Mixing  time, 
as  measured  by  the  farinograph,  ranged  from  4  minutes  to  20  minutes 
and  absorption  from  48.0  per  cent  to  67.0  per  cent.  Fig.  3  shows  the 
farinograph  curves  identified  by  area  number  and  location.  Since  these 
samples  were  all  grown  under  the  close  supervision  necessary  for  pro¬ 
duction  of  certified  seed,  the  extreme  variation  shown  in  these  various 
samples  must  be  due  to  agronomic  and  climatic  factors. 
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The  Composition  of  Flour 

The  composition  of  flour  varies  witli  tlie  wheat  variety  and  the  grade  as 
w'ell  as  tlie  conditions  under  which  the  grain  was  grown.  Tlie  overall 
analysis  of  all  types  and  grades  will  range  approximately  as  shown  in 
Table  6.  While  the  protein  content  is  of  greatest  importance  from  a 
bread  baking  standpoint,  the  other  constituents  also  play  an  important 
role. 


Table  6 

THE  COMPOSITION  OF  WHEAT  FLOURS 

Minimum,  Per  cent  Maximum,  Per  cent 

Protein 
.\sli 
Fat 
Fiber 

Carbohydrates  as  starch 


Flour  Proteins.-The  proteins  in  wheat  are  reported  by  Osborne  ( 1907 ) 
to  consist  of  approximately  equal  amounts  of  glutenin  and  gliadin,  with 
about  20  per  cent  of  the  protein  consisting  of  leucosin,  an  albumin; 
edestin,  a  globulin;  and  a  small  amount  of  proteose.  These  last  three 
proteins  are  classed  as  the  non-gluten  proteins  which  are  soluble  in 
either  water  or  dilute  salt  solution.  The  insoluble,  or  gluten,  portion, 
which  consists  of  glutenin  and  gliadin,  is  largely  responsible  for  the 
elastic  properties  of  flour  doughs.  The  glutenin  portion  is  said  to  give 
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68 

.0 

76 
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'Table  7 


AMINO  ACID  COMPOSITION  OF  GLUTEN  PROTEINS 


Gluten,  Per  cent  Gliadin,  Per  cent  Glutenin,  Per  cent 


Arginine 

Lysine 

Histidine 

Tyrosine 

'Tryptophane 

Phenylalanine 

Cystine 

Methionine 

Serine 

Threonine 

Leucine  and  isoleucine 
Valine 

(ilutamic  acid 
Aspartic  acid 
Glycine 
Alanine 
Proline 

Hydroxy  proline 
Ammonia 


4.3 

3.2 

2.1 

0.6 

2.4 

2.  1 

4.2 

3.1 

1  . 1 

0.9 

2  0 

2  5 

1.9 

2.3 

3.3 

2.3 

0.1 

2.5 

3.0 

6.0 

6.0 

3.0 

3.0 

36.0 

46 . 0 

1  ,4 

1.0 

5^5 

2.5 

11.0 

13.2 

4.5 

5.1 

4.7 
1  .9 
1  .8 

5.1 
1  .8 
2.0 
1  .7 

o' 7 

6  A) 
1  .0 
27.2 

2.1 
1  .0 
4.4 
4.4 
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Strength  and  firmness  to  the  gluten,  while  the  gliaclin  adheres  to  the 
glntenin  and  holds  it  together.  The  gliadin  can  be  separated  from 
gluten  by  dissolving  in  70  per  cent  alcohol  with  glntenin  remaining 

undissolved. 

Grewe  and  BaiUw  (1927)  demonstrated  that  there  is  no  consistcmt 
relationship  between  the  proportion  of  the  gliadin  in  Hour  and  its  baking 
quality.  The  evidence  seems  to  be  that  the  gliadin  and  glntenin  obtained 
from  different  wheats  have  the  same  chemical  composition  and  Blish 
(1946)  reported  the  amino  acid  composition  of  gluten  and  its  fractions, 
as  indicated  by  Table  7. 

McCalla  and  Gralen  (1942)  studied  the  fractionation  of  gluten  in 
sodium  salicylate  dispersions  by  means  of  sedimentation  velocities,  sedi¬ 
mentation  equilibria,  and  diffusion  measurements.  They  have  come  to 
the  conclusion  that  the  material  identified  as  “gluten,”  which  was  thought 
to  consist  of  gliadin  and  glntenin,  is  really  not  two  protein  fractions  at 
all,  but  a  wide  mixture  of  proteins  of  varying  molecular  size.  This  mate¬ 
rial  can  be  separated  into  a  great  many  fractions  which  differ  progres¬ 
sively  and  systematically  in  both  physical  and  chemical  properties. 

The  Carbohydrates  of  Wheat  Flours.— The  carbohydrates  of  wheat 
flours  consist  largely  of  starch  with  small  amounts  of  dextrins  and  sugars, 
cellulose  or  fiber,  and  gums.  Koch  et  al.  (1951),  using  paper  chroma¬ 
tography  on  aqueous  extracts  of  bakers’  patent  flour,  confirmed  the  pres¬ 
ence  of  the  following  sugars:  glucose,  0.01  per  cent;  fructose,  0.02  per 
cent;  sucrose,  0.10  per  cent;  maltose,  0.08  per  cent;  melibiose,  0.18  per 
cent;  and  raffinose,  0.07  per  cent. 

Fats  and  Lipids  in  Wheat  Flours.-Patent  grades  of  flour  contain  about 
one  per  cent  of  petroleum  ether  soluble  materials  with  lower  grades  con¬ 
taining  somewhat  more.  Sullivan  and  Howe  ( 1938)  found  the  petroleum 
ether  extract  of  wheat  flour  to  amount  to  1.38  per  cent  on  the  dry  basis. 

The  percentages  of  the  fatty  acids  were  computed  from  the  lipid  con¬ 
tents  of  the  petroleum  ether  extract  of  the  flour  and  ran  as  follows: 


t  otal  saturated  acids  (83  per  cent  palmitic) 
a  linolenic  acid 
d  linolenic  acid 
O'  linoleic  acid 
p  linoleic  acid 
Oleic  acid  (by  clifTerence) 


Percentage 
15.6 
0.84 
2.96 
25 . 49 
20.51 
34 . 60 


The  keeping  quality  of  the  Hour  is  related  to  its  fat  content  and  in 

over-aged  flour  the  fatty  acid  content  increases  due  to  liydrolvsis  of  the 
fattv  esters. 
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Ash  Content.— Flour  contains  from  0.3  per  cent  to  1  per  cent  ash, 
depending  on  its  grade.  The  mineral  constituents  of  wheat  are  presented 
in  Table  8  as  reported  by  Sullivan  and  Near  (1927). 

As  the  Honrs  are  milled  they  are  treated  appropriately  with  bleaching 
and  maturing  agents  or  with  enzyme  stipplementation  in  the  various 
grades  for  the  use  for  which  they  are  intended.  These  various  grades  of 
flours  from  the  different  types  of  wheat  have  widely  different  uses  and 
Harrel  (1959)  has  cla.ssified  them  according  to  their  usage.  (See  Tables 
9  and  10). 


Tabi.k  8 

MINERAL  CONTENT  OF  WHEAT  AND  MILL  PRODUCTS  CALCULATED  AS  THE  ELEMENTS  FROM 

ANALYSIS  OF  THE  ASH^ 


In  Parts  per  Million  of  Product,  on  Dry  Basis 

Total 

Patent  Clear  Low-grade  Mill-run 


Element 

Wheat 

Flour 

Flour 

Flour 

Middlings 

Bran 

Germ 

Total  ash 

20,500 

4,820 

8,040 

14,620 

47,620 

67,480 

50,410 

Magnesium 

1,898 

308 

624 

1,327 

4,546 

7,166 

3,801 

Calcium 

452 

180 

227 

376 

1,115 

1,158 

692 

Phosphorus 

4,440 

1,162 

1,910 

3,511 

10,446 

15,208 

12,533 

Potassium 

2,370 

552 

875 

1,553 

5,633 

7,098 

5,542 

Zinc 

100 

40 

48 

129 

319 

562 

420 

Iron 

31 

8 

11 

22 

71 

95 

68 

Manganese 

24 

2 

5 

12 

48 

112 

67 

Copper 

6 

2 

2 

4 

13 

14 

9 

Aluminum 

3 

0.6 

2 

7 

8 

27 

25 

1  From  Sullivan  and  Near  (1927). 


Table  9 

COMPOSITION  AND  USES  OF  HARD  SPRING  WHEAT  FLOURS 


Protein,  Ash,  « 

Per  cent  Per  cent  Bakery  Products  in  Which  the  Flour  Is  Used 


1 2 . 5  to  1 2 . 8 


1 2 . 8  to  1 3 . 1 

13.5 

15.0 

15.0  to  15.5 


0  42  to  0.44 


0  46  to  0 . 48 


0.48 

0.48 

0.70  to  0.74 


White  pan  bread  (both  sponge  and  straight  dough). 
Specialty  and  variety  breads. 

Hamburger  and  wiener  rolls. 

Yeast  raised  sweet  goods. 

Soft  rolls  (Parker  House  type). 

Doughnuts,  yeast  raised. 

Hard  rolls  and  hearth  bread. 

White  pan  bread  (both  sponge  and  straight  dough). 
Hard  rolls  and  hearth  bread. 

Specialty  and  variety  breads. 

Hard  rolls  and  hearth  bread. 

Blender  flour  for  coarse  flour  breads. 

High  gluten  flour  for  Kaiser  rolls. 

Italian,  Freneh  and  Jewish  hearth  breads. 

Carrier  flour  used  in  making  whole  wheat,  rye,  specialty 
and  variety  breads. 

Blender  flour  used  in  mixes  with  rye  flour  for  rye  bread. 
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Pi'Dtrin,  Ash, 

IVr  cent  IVr  crnt 


Bakrry  Products  in  Which  tlir  Flour  Is  Used 


12.25  to  12.50  0.42  to  0  44 


12.50tol3.0  0.46  to  0.48 


1 5 . 00  to  1 5 . 50  0.70  to  0 . 74 


White  pan  bread,  both  sponge  and  straight  doughs. 

Hamburger  and  wiener  rolls. 

Soft  rolls  ( Parker  House  type ). 

Specialty  and  variety  breads. 

3’east  raised  sweet  goods  and  doughnuts. 

\Vhite  pan  bread,  both  sponge  and  straight  doughs. 

Blender  flour  in  some  variety  and  specialty  breads  and 
rolls. 

Blender  flour  for  chemically  leavened  biscuits,  and 
muffin  and  waffle  mixes. 

Heavy  fruit  cake  mixes. 

Carrier  flour  used  in  making  rye,  whole  wheat,  specialty 
and  variety  breads. 

Blender  flour  for  baking  powder  doughnuts,  and  muffins 
and  waffle  mixes. 


The  hard  spring  grades  with  a  protein  range  of  from  12.5  per  cent  to 
12.8  per  cent  are  used  principally  in  bread,  hamburger  buns,  soft  rolls, 
etc.,  and  are  generally  known  as  bakers’  patents.  The  higher  protein 
spring  straight  grades,  at  about  12.8  per  cent  to  13.1  per  cent  protein, 
are  used  for  Kaiser  rolls,  etc.,  and  the  spring  clear  grades  are  used 
principally  to  carry  rye  flour  for  rye  bread.  Winter  wheat  flour  patent 
grades  are  used  in  bread  baking  and  buns.  The  soft  wheat  flours  are 
used  in  cake  and  pastry  products. 


Air-Separated  Flour 

Within  the  la.st  few  years  air-separation  techniques  have  been  devel¬ 
oped  to  the  extent  that  they  can  be  used  to  fractionate  flour  into  cuts  of 
widely  difterent  composition.  For  example,  data  have  been  reported  by 
Ehas  and  Scott  ( 1957 )  on  the  separation  of  a  soft  wheat  flour  of  ten  per 
cent  protein  content  and  0  to  100  micron  particle  size.  After  reducing  the 
particle  size  to  approximately  0  to  75  microns  by  use  of  a  specialized 
impact  grinding  technique,  20  per  cent  of  the  flour  can  be  recovered  at 
a  protein  content  of  20.0  per  cent.  The  remaining  80  per  cent  will  have 
a  protein  content  of  about  eight  per  cent,  with  the  majoritv  of  the 
particles  being  in  the  size  range  of  15  to  75  microns. 

The  fine  material  has  good  bread  baking  properties  and  its  use  for 
tortitying  bread  flours  is  suggested. 

Hard  wheat  flour  can  he  similarly  separated  to  yield  1.5  per  cent  fine  cut 
.  0  to  15  micron  size  and  20  per  cent  protein,  and  85  per  cent  coarse  ent 

clntenf  ""  I’**'' 
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Re-i^riiuling  and  rc'-separating  the  coarse  portion,  an  additional  fine  cut 
can  ])e  obtained  at  seven  pea-  cent  protein  and  a  coarse  ent  at  ten  per  cent 
protein. 

I  he  fine  fraction  from  the  re-separation  lias  ^ood  cake  baking  proper¬ 
ties  while  the  fine  material  from  the  first  separation  can  be  combined  with 
the  coarse  material  from  the  second  separation  for  bread  flonr. 

The  range  of  possibilities  of  air-separation  is  further  illustrated  by 
Wichser  ( 1958 )  wherein  he  shows  that  fractions  with  protein  contents 
ranging  from  3.0  to  20.0  per  cent  can  be  obtained  from  soft  wheat  flour. 


Bleaching  and  Maturing  of  Wheat  Flour 

Freshly  milled  flour  has  a  slightly  yellowish  color  which  is  considered 
undesirable  by  some  and  doughs  made  from  it  are  likely  to  be  unduly 
sticky  and  do  not  handle  or  bake  well.  Treatment  with  small  amounts  of 
certain  chemicals  will  both  lighten  the  color  of  the  flour  and  improve  its 
baking  quality.  Generally  it  is  considered  that  this  represents  two  en¬ 
tirely  different  types  of  treatment  ( 1 )  bleaching  of  the  carotenoid  pig¬ 
ments  in  the  Hour  and  (2)  chemically  modifying  the  gluten. 

For  the  bleaching  of  Hour  benzoyl  peroxide  is  most  widely  used.  It  is 
added  as  a  powder  in  a  blend  with  suitable  diluting  and  stabilizing  agents 
by  the  use  of  precise  chemical  feeders.  Proportions  of  benzoyl  peroxide 
commonly  used  are  one  pound  of  32  per  cent  benzoyl  peroxide  to  from 
40  to  120  hundredweight  of  Hour.  Nitrogen  peroxide  made  by  passing 
air  through  an  electric  arc  is  also  used  to  some  extent  as  a  bleaching 
agent.  It  is,  however,  not  as  effective  for  color  removal  as  benzoyl  per¬ 
oxide  and  Hours  bleached  to  a  maximum  degree  of  whiteness  with  nitro¬ 
gen  peroixde  can  be  still  further  bleached  when  benzoyl  peroxide  is  added. 

Certain  enzyme  preparations  may  also  be  used  in  Hour  bleaching.  Soy 
beans  contain  a  substantial  amount  of  the  enzyme  lipoxidase  which  is 
capable  of  oxidizing  Hour  carotenoids  to  colorless  compounds  under 
suitable  environmental  conditions.  A  fraction  from  soy  beans  high  in 
lipoxidase  is  a  patented  additive  sold  commercially  for  whitening  doughs 
(Renner  and  Haas  1939).  The  manufacturers  of  this  product  recom¬ 
mend  its  use  in  Hours  as  the  doughs  are  made  up,  claiming  bleaching  and 
Hour  improving  action  superior  to  chemical  methods. 

Under  the  category  of  maturing  agents  are  included  such  materials  as 
chlorine  dioxide,  chlorine  gas  plus  a  small  amount  of  nitrosyl  chloride, 
nitrogen  trichloride,  potassium  bromate,  potassium  iodate,  ammonium 
persulfate,  and  ascorbic  acid.  Government  regulations  generally  control 
the  additions  of  these  materials.  (The  United  States  government  regu¬ 
lations  permit  only  the  use  of  the  oxides  of  nitrogen,  chlorine,  nitrosyl 
chloride,  chlorine  dioxide,  and  potassium  bromate  in  Hour. ) 
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I'he  preferred  treatment  for  ])read  ffours  is  generally  benzoyl  peroxide 
for  bleaebing  and  chlorine  dioxide  for  maturing  treatment.  Potassium 
bromate  is  frecpiently  added  in  small  amounts,  depending  on  the  type  of 
flour  and  the  baking  procedure  for  which  it  is  to  be  used,  with  proportions 
as  high  as  50  parts  per  million  being  used  in  certain  types  of  long  fer¬ 
mentation  bread  doughs.  Nitrogen  trichloride  has  been  reported  (Mel- 
lanby  1946)  to  cause  running  fits  in  dogs  when  fed  in  a  diet  high  in 
heavily  nitrogen  trichloride  treated  gluten  and  its  use  has  been  discon¬ 
tinued  even  though  Elvehjem  (1948)  showed  rather  conclusively  that  no 
deleterious  effects  could  be  detected  in  humans  even  at  rates  approxi¬ 
mately  20  times  normal  intake. 

The  action  of  bleaching  and  maturing  agents  is  vastly  different.  The 
bleaching  agents  exert  their  action  on  the  carotenoid  pigments  of  the  flour. 
Benzoyl  peroxide  acts  slowly  after  addition  to  the  flour  and  requires  several 
hours  to  decompose  and  exert  its  full  bleaching  action.  Chlorine  dioxide, 
which  is  a  gas,  acts  on  the  flour  almost  instantly  on  application  and  its 
effect  will  be  noted  in  slight  improvement  of  color  and  in  better  handling 
propel  ties  of  the  dough  and  in  the  loaf  volume  of  the  finished  product. 
The  amount  of  chlorine  dioxide  that  is  added,  however,  is  generally  so 
small  that  its  bleaching  action  is  slight.  Potassium  bromate  may  be 
added  to  flour  as  a  dry  solid  at  the  mill  as  the  flour  is  produced  or  in¬ 
corporated  in  a  dough  conditioner  to  be  added  bv  the  baker.  Potassium 
l)ioniate  is  without  action  in  the  dry  flour  and  remains  inert  in  the  flour 
or  dough  until  suHicient  acid  is  produced  bv  fermentation  of  the  dough 
to  start  its  decomposition.  Chlorine  gas  which  functions  both  as  a  Irleach 

and  an  improver  is  used  extensively  in  cake  flour  for  pH  adjustment  to 
improve  cake  baking  properties. 

“idizing  agents  on  doughs  has  been  investi- 
?,®..  .  ^  (1939)  and  their  action  attributed  by  him  to  their 

j0rgenMn  r(wb  T*"'  th"  e^^ymes  present  in  the  flour. 

J0  genson  attiibutes  the  green  characteristics  of  doughs  made  from  un 

re  ex  ensive  than  mere  protease  inhibition.  Thev  obtained  an  pfFert 
.similar  to  the  bromate  effect  bv  mivimr  do,.„l,  ■  '  ™ect 

belief  that  the  beneficial  result  is  attributaUe  ""hf-mti™  TfT"'' 
some  Hour  constituents  other  than  the  enzvmes  ^  "" 


by  remixing  the  dough  idterlc™^^^^^ 

bowever,  the  dough  breaks  down  ai'id  a  poor  loaT'i^X."  ‘ti':c“;:: 
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Fig.  4.  Interrelationships  ok  Oxidation  Effects  in  Dough 


ships  or  functions  of  the  various  oxidizing  agents  or  reducing  agents  in  tlie 
maturing  of  ffonr  were  described  by  Froelich  and  Frey  (see  Fig.  4). 

Sullivan  ei  a\  (1940)  suggest  that  these  maturing  agents  act  on  snlt- 
hydryl  ( S— 11  groups )  in  the  gluten  proten,  oxidizing  them  to  form 
R(SO:.)R,  RSO.jH,  R— S— H,  etc.,  and  such  reactions  are  responsible  for 
the  change  in  physical  characteristics  of  certain  doughs  and  the  improve¬ 
ment  gained  by  use  of  oxidizing  agents  or  oxidation  systems. 


RYE  FLOUR 

Rye  Hour  is  produced  in  a  milling  process  very  similar  to  that  used  for 
producing  wheat  flonr.  The  grain  is  cleaned  on  conventional  cleaning 
equipment  to  remove  foreign  materials;  it  is  then  washed  and  tempered 
to  suitable  moisture  content,  generally  about  15.5  per  cent,  and  held  for  a 
time  to  allow  the  water  to  penetrate  the  kernels.  It  is  then  milled  on  a 
gradual  reduction  system  consi.sting  of  rolls  and  sifters. 

The  rye  endosperm  is  soft  and  does  not  break  out  in  sharp  chunks  as 
does  wheat,  so  purifiers  are  not  customarily  used. 

Rye  Hour  is  produced  in  a  number  of  grades  as  required  by  the  baker. 
These  are  characterized  largely  by  color,  such  as  White,  Light,  Medium, 
etc.,  rather  than  by  ash  and  protein  content,  although  ash  and  protein  con¬ 
tent  are  in  a  general  way  an  indication  of  rye  Hour  quality. 

Tables  11,  12,  and  13  show  the  composition  of  some  of  the  various 
grades  of  rye  flour  (  Larsen  1959 ) . 

Rye  flour  protein  is  reported  by  Keut-Jones  and  Amos  (1947)  to  have 
the  following  composition: 


( Jliadin 
Olutrnin 
(ilobiilin 
.‘Mbuniin 


42  per  cent 
42  per  cent 
8  per  cent 
8  per  cent 
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SHECIFlf;A HONS  F(^K  WHIFK  R'l'F,  I  I.CJUR 


Typr  of 
Measurement 

Test  Used 

Values 

Units  of 
Measurement 

Moisture 

.^sh 

Color 

Protein 

.Air  oven 

Muffle  oven 

Pekar 

Kjeldahl 

14.5  Maximum 
0,58-0.78 

White 

7 . 0-9 . 1 

Per  cent 

Per  cent 
Comparison 

Per  cent 

Table 

12 

SPECIFICATIONS  FOR  MEDIUM  RVE  FLOUR 

Type  of 
Measurement 

Test  Used 

Values 

Units  of 
Measurement 

Moisture 

Ash 

Color 

Protein 

.Air  oven 

Muffle  oven 

Pekar 

Kjeldahl 

14.5  Maximum 
1.11-1.39 

Medium  white 
10,1-12.8 

Per  cent 

Per  cent 
Comparison 

Per  cent 

Table 

13 

SPECIFICA  l  IONS  FOR  DARK  RVE  FLOUR 

Type  of 
Measurement 

Test  Used 

Values 

Units  of 
Measurement 

Moisture 

Ash 

Color 

Protein 

Air  oven 

Muffle  oven 

Pekar 

Kjeldahl 

14.5  Maximum 
2.05-2.83 

Dark 

13,7-16.2 

Per  cent 

Per  cent 
Comparison 

Per  cent 

1  liis  is  substantially  the  same  as  for  wheat  Hour  protein;  however,  r\'e 
Hour  doughs  are  characteristically  verv  weak  and  cannot  be  washed  to 
separate  gluten  from  them.  Schulerud  (1939)  has  found  that  lye  Hours 
contain  gummy  substances  two  per  cent  of  which  when  added  to  wheat 
Hour  will  prevent  formation  of  a  dough  when  washing  gluten.  Jacobs 

(  .44)  shows  how  such  gummy  substances  can  prevent  satisfactorv  wash¬ 
ing  of  rye-wheat  Hour  mixtures. 

\U,ile  in  some  areas  of  the  workl,  notably  Germany,  Poland,  and  Rr.ssia, 
rye  floor  ,s  used  alone  for  bread  baking,  in  American  baking  processes  it  is 
used  with  strong  flours  generally  in  proportion  of  20  to  40  per  cent  rve 
Hour  to  60  to  80  per  cent  high  protein  clear  flour  for  such  \rroducts  as 
American-type  rye  bread,  Jewish  sour  rye  bread,  etc. 

Another  product  made  from  rye  flour  is  Knakebrod,  a  product  of 

.  andmavian  origin  which  is  made  from  100  per  cent  rye  flour  or  ni-il 
made  into  a  dough  and  sheeted  out  and  if  •  u  i 
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COHN  FLOUH 

Corn  flour  is  procliicocl  ])y  dry  milling  of  corn.  Although  some  small 
country  millers  still  grind  whole  corn  for  corn  Hour  and  similar  products, 
the  principal  dry  corn  millers  now  degerm  the  grain  to  improve  the  keep¬ 
ing  quality  of  the  finished  product  as  well  as  to  gain  increased  revenue 
from  the  sale  of  the  oil.  Briefly,  dry  corn  milling  consists  of  cleaning  the 
corn,  tempering  a  short  time  by  the  use  of  warm  water  and  steaming  to 
about  21  to  23  per  cent  moisture.  The  tempered  corn  is  then  run  through 
a  Beall  or  similar  degenninator  to  crack  the  kernels  and  release  the  germ. 
The  degermed  stocks  are  then  dried  to  about  15  per  cent  moisture  for 
further  processing  to  grits,  meal,  or  flour  on  a  series  of  rolls,  sifters,  and 
aspirators. 

The  principal  products  of  diy  corn  milling  are  corn  grits  or  hominy, 
corn  meal,  corn  flour,  corn  oil,  and  corn  or  hominy  feeds.  The  products 
of  interest  to  the  baking  industry  include  corn  meal  and  corn  flour  which 
are  used  in  corn  muffins  and  some  breads,  for  dusting  the  peel  in  baking 
of  rye  breads  and  similar  uses.  A  small  amount  of  corn  flour  may  be  used 
as  a  gelatinized  product  in  bread  doughs  to  help  hold  moisture  and  retard 
staling. 

SOY  BEAN  FLOUR 

A  limited  amount  of  soy  l^ean  flour  is  used  in  the  baking  industry  in 
some  instances  to  give  color  to  the  product  and  in  others  because  of  its 
high  nutritive  value  and  ability  to  supplement  the  amino  acids  in  wheat 
flour,  since  soy  flour  is  notably  high  in  lysine  ( Hafner  1942)  in  which 
wheat  flour  is  somewhat  deficient  (Table  14). 


Table  1 4 

NUTRITIVE  VALUE  OF  PROTEIN  IN  SOV  FLOUR  AND  WHEAT  FLOUR 


Sole  Source  of  Dietary 

Protein 

Grams  Gain  Per 

Ch  am  Protein 
Eaten' 

Relative  Protein 
Efficiency, 

Per  cent 

Extracted  sov  flour  ( low  fat ) 

1  .83 

1 00 . 0* 

Full  fat  soy  flour 

1 .70 

92.9 

Raw  soybeans 

0 .  ‘)8 

53.5 

Patent  wheat  flour^ 

0.71 

38.8 

Patent  wheat  flour,  enriched'^ 

0 . 66 

36 .  1 

Whole  wheat  flour* 

1  .  14 

62.3 

■  Nutritive  value.  V. 

2  Arbitrarily  as.signetl  a  relative  protein  eHiciency  of  100  per  cent  of  it.s  nutritive  value  of  1.83  g.  g;un  per  griim 
protein  eaten.  .  .  „ 

*  .All  three  wheat  flours  were  tnilled  from  hard  spring  wheat  of  similar  analysis  and  origin.  1  he  patent  Hours 
were  commercial  runs;  the  whole  wheat  was  produceil  by  grinding  whole  wheat  in  a  laboratory  mill. 

Generally  in  the  baking  industry  two  types  of  soy  bean  meal  are  used, 
namely  high  fat  and  low  fat.  The  high  fat  type  is  made  from  beans  prior 
to  e.xtraction,  treating  them  with  steam,  drying  and  grinding  them  to  re- 
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move  hulls,  aiul  reducing  them  to  flour.  The  low  fat  type  is  made  from 
meal  after  solvent  extraction  to  remove  the  oil.  Finney  (1946)  showed 
that  excellent  bread  can  be  made  with  soy  flour  up  to  eight  per  cent  of  the 
flour  used  bv  increasing  the  quantity  of  potassium  bromate  used  in  the 
formula  in  accordance  with  the  amount  of  soy  flour  added.  The  change 
in  crumb  color  as  a  result  of  the  pigment  in  the  soy  flour  was  not  notice¬ 
able  so  far  as  most  of  the  consumers  were  concerned  when  up  to  four  per 
cent  of  soy  flour  was  included  in  the  formula. 


THE  TESTING  OF  WHEAT  FLOUR 

The  testing  of  wheat  flour  can  be  divided  into  four  categories  as  fol¬ 
lows:  (A)  chemical  tests;  (B)  physical;  (C)  organoleptic;  and  (D) 
baking  tests. 

While  most  of  the  tests  have  been  established  and  published  by  The 
American  Association  of  Cereal  Chemists  in  the  6th  Edition  of  Cereal 
Laboratory  Methods  (Anon.  1957),  a  brief  resume  of  each  and  their 
significance  seems  to  be  in  order. 


Chemical  Methods 


Moisture  Content.— The  moisture  content  in  wheat  and  flour  is  of 
extieme  importance  from  an  economic  standpoint  for  the  moisture  con¬ 
tent  affects  the  value  of  the  product.  Excessive  moisture  also  adversely 
affects  the  keeping  quality.  In  addition,  best  milling  results  can  be 

obtained  only  from  properly  tempered  wheat  of  optimum  moisture 
content. 


A  number  of  techniques  for  moisture  determination  are  used.  Probably 

the  most  common  is  the  standard  air  oven  method  which  consists  of  drying 

the  sample  to  constant  weight  in  an  air  oven  at  266°F.  Other  methods 

used  include  the  vacuum  oven  method  and  various  conductivity  and 
capacitance  methods. 

Ash  Content-Tl,e  ash  content  of  Hour  is  determined  by  ignitinc  a 

we.ghed  quantity  o  flour  in  a  muffle  furnace.  In  order  to  speed  up  tire 

om  rustion,  an  alcolrohc  magnesium  acetate  solution  is  added  to  the  fared 
flour  sample  prior  to  ignition. 

The  ash  content  has  come  to  indicate  quality  or  grade  of  flour  in  that 
nicreasmg  amounts  of  ash  are  associated  with  more  bran  dust  in  the  flour 
and  hence  poorer  quality.  This  is  not  necessarily  true  for  the  asl,  cLt^n 
n  flour  ,.s  depeiu  ent  on  the  type  of  wheat  processed  as  well  as  tire  eondi 

whichwiiT;:;;d;::::brr::nafl^^^^^^^^^ 

the  errtirc  crop  tentls  to  run  alnrormally  high  in  ash  ,  kirn  ’T'"  t"’' 
alone  an  unreliable  guide  to  flour  quality. 
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Protein  Content. — The  protein  content  of  wheat  and  Hour  is  commonly 
based  on  total  nitrogen  determined  by  the  Kjeldahl  method  but  fast 
methods  based  on  dye  absorption  are  being  developed  ( Udy  1956). 

Good  gluten  quality  and  consequently  good  dough  characteristics,  good 
loaf  volume,  and  good  grain  and  texture  are  commonly  associated  with 
higher  protein  content.  But  protein  quality  as  determined  by  actual  bak¬ 
ing  results  and  physical  dough  tests  is  of  much  more  value  than  protein 
content  as  a  measure  of  good  baking  quality. 

Crude  Gluten  Content.— The  crude  gluten  content  of  flour  is  commonly 
determined  by  working  a  weighed  quantity  of  flour  with  a  small  amount 
of  water  into  a  firm  ball  and  kneading  the  resulting  dough  under  a  gentle 


stream  of  water  after  allowing  it  to  stand  and  cure  for  a  time.  The  prod¬ 
uct  so  obtained  is  not  pure  gluten,  but  a  mixture  of  starch  and  gluten  and 
some  fibrous  material. 

As  shown  by  Swanson  ( 193(SB )  the  actual  dry  substance  gluten  obtained 
closely  approaches  the  pnitein  content  of  the  flour  itself.  This  is  due  to 
the  fact  that  a  rather  consistent  proportion  of  the  protein  material  exists 
in  the  flour  as  soluble  protein  which,  although  lost  in  washing,  is  compen¬ 
sated  for  in  the  dry  gluten  substance  by  the  starch  and  fiber  which  re¬ 
mains  with  the  gluten.  The  gluten  test,  although  still  extensively  used 
as  an  indication  of  flour  quality,  is  not  generally  considered  highly  accu¬ 
rate  or  a  highly  reliable  means  of  judging  flour  quality  even  though  some 
useful  information  can  be  gained  from  it. 

Starch  Content.— The  starch  content  of  a  sample  of  flour  is  readily  de¬ 
termined  by  hydrolyzing  the  sample  with  dilute  acid  and  determining 
the  sugars  by  any  of  the  conventional  methods.  It  may  also  be  deter¬ 
mined  by  dissolving  the  sample  in  hot  calcium  chloride  solution  and  de¬ 
termining  the  starch  content  polarimetrically  alter  removing  the  soluble 
protein  by  suitable  chemical  methods.  The  starch  content  has  compara¬ 
tively  little  significance  in  evaluation  of  flour  quality. 

Fat  Content.— The  fat  content  of  wheat  flour  is  usually  determined  by 
petroleum  ether  extraction  of  the  sample  after  acidification  with  dilute 
hydrochloric  acid. 

Amylolytic  Activity  as  Measured  by  Reducing  Sugar  Content.— The 
reducing  sugar  content  of  flour  is  determined  customarily  by  the  alkaline 
ferricyanide  method  which  consists  of  adding  an  excess  of  alkaline  ferri- 
cyanide  reagent  to  a  clarified  sample  of  flour  extract  and  titrating  the 
unused  ferricvanide  with  thiosulfate  and  calcnlating  the  reducing  sugars. 
Production  of  reducing  sugars  by  a  flour  digested  under  standard  condi¬ 
tions  provides  a  measure  of  amylolytic  activity.  This  is  an  extremely  im- 
poitant  detennination  in  that  it  is  taken  as  an  indication  of  diastatic  ac- 
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livity  wluMcin  excessive  amounts  of  reducing  sugars  could  indicate  paitial 
germination  of  tlie  wlieat  at  liarvest  time  or  overmalting  ol  the  Hour. 

pH  Determination. — The  electrometric  method  is  most  acceptable  loi 
the  determination  of  pH  in  Hour.  I  he  actual  procedure  consists  of  sus¬ 
pending  10  grams  in  a  dry  Ehrlenineyer  Hask  in  1(K)  ml.  of  freshly  boiled 
distilled  water,  allowing  the  sample  to  stand  for  a  short  time,  and  then 


determining  the  pH  electrometrically  in  a  portion  of  the  supernatant 
liquid.  The  pH  of  Hour  will  normally  run  in  the  neighborhood  of  6.1  to 
6.2.  If  the  pH  value  is  lower  than  this,  it  is  customarily  taken  as  an  indi¬ 
cation  of  chlorine  treatment  in  the  bleaehing  process.  This  treatment  is 
of  extreme  importance  in  the  control  of  quality  in  high  ratio  cakes  where 
pH  value  would  be  expected  to  fall  in  the  range  of  4.6  to  5.0  depending 
on  the  characteristics  of  the  wheat  being  milled. 

Fat  Acidity.— Fat  aeidity  is  commonly  determined  by  extracting  an 
aliquot  portion  of  the  sample  in  a  Soxhlet  or  other  suitable  extractor  with 
petroleum  ether  and  titrating  the  fatty  acid  so  obtained.  The  presence  of 
abnormally  high  proportions  of  fatty  acids  is  taken  as  an  indication  of  the 
Hour  having  been  derived  from  unsound  grain  or  having  deteriorated 
through  over-age  or  poor  storage  conditions. 

Gas  Production.— The  amount  and  rate  of  gas  production  are  used  as  a 
means  of  checking  the  adequacy  of  enzyme  supplementation  in  Hour.  In 
the  procedure  generally  used,  measured  quantities  of  Hour,  water,  and 
yeast  are  thoroughly  mixed  and  incubated  at  carefully  controlled  tempera¬ 
ture  in  a  suitable  gas  measuring  device.  The  rate  and  amount  of  gas 
released  is  interpreted  as  an  indication  of  enzyme  activity.  Readings  of 
most  interest  are  those  taken  after  the  fourth,  fifth,  and  sixth  hours  of 
incubation. 


Maltose  content  and  Brabender  amylograph  values  are  likewise  used  as 
an  indication  of  enzyme  content. 

Particle  Size.— With  the  milling  industry  becoming  interested  in  fine 
giinding  of  Hour  for  air-separation,  there  is  need  for  quick  accurate 
methods  for  determining  particle  size  of  the  Hour  samples  and  the  per¬ 
centage  of  particles  of  different  sizes  in  samples  as  a  means  for  controlling 
process  operations.  Techniques  for  determination  of  particle  size  in 

Hour  samples  are  not  well  established  but  among  those  being  used  are 
the  following: 


(a)  Andtemon  Pipette  Method  (Anclieason  1929).-  Tliis  method  is 
based  on  rate  of  settling  in  non-aqneons  medinm;  this  is  determined  bv 
withdrawing  al.qnots  of  the  suspended  sample  from  the  bottom  of  a  set- 

l.ng  tube  at  intervals  and  determining  solids  content  and  calculating  par- 
tide  size  from  Stokes  Law.  ‘ 
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Courtenii  o/  C.  U".  Iiral>cmler  Instiiiiiicnts  (’<>. 

Fig.  5.  The  Bkahendeh  Farinoghaph 

(h)  Whitby  {1955 A,  1955B)  Sedimentation  Method.-This  method  i.s 
also  based  on  the  rate  of  settling  of  the  particles  in  non-aqneons  media. 
The  technique  is  modified  somewhat  by  the  use  of  a  centrifuge  to  speed 
up  rate  of  settling. 

(c)  Fischer  Particle  Size  Method  (Gooden  and  Smith  1940).— This 
method  is  leased  on  measurement  of  the  rate  of  gas  diffusion  through  an 
established  quantity  of  material  under  constant  pressure.  Only  average 
particle  size  data  can  be  obtained  by  the  Fischer  method. 

Chlorine.— Chlorine  is  commonly  used  in  the  bleaching  and  maturing  of 
soft  wheat  flours  for  cakes  and,  to  a  limited  e.xtent,  on  bread  flours.  Its 
presence  in  large  amounts  can  be  detected  by  pH  content  of  the  floui,  but 
it  is  frequently  tested  for  qualitatively  by  preparing  a  petroleum  ethei 
extract  of  the  flour,  which  is  evaporated  to  dryness  in  a  small  dish,  then  a 
portion  of  the  residue  left  after  evaporation  is  mixed  with  copper  oxide 
and  ignited  in  a  gas  flame  on  a  copper  wire.  Under  these  conditions,  if 
chlorine  is  present,  a  green  flame  can  be  observed. 

Physical  Dough  Testing 

because  of  the  extreme  importance  of  the  physical  dough  characteristics 
of  wheat  flour  doughs  in  bake  shop  performance  and  in  bread  quality. 
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Fig.  6.  Fahinoghaph  Cvhve  Headings 


many  efforts  have  been  made  to  evaluate  floiir  quality  in  terms  of  physical 
measurements  on  flour  doughs  to  give  an  indication  of  their  hydration  and 
mi.xing  characteristics.  For  this  purpose  numerous  devices  have  been 
developed.  Some  of  them  are  equipped  with  recording  devices  to  provide 
a  continuous  record  of  flour  performance  during  the  test. 

The  Brabender  farinograph  (Fig.  5)  is  probably  the  best  known  and 
most  widely  used  of  the  various  physical  dough  testing  devices.  It  con¬ 
sists  ot  a  water-jacketed  mixer  with  two  helical  spiral  blades  driven  by  a 
synchronous  constant  speed  motor.  The  torque  on  the  mixer  arms  is 
measured  by  a  dynamometer  equipped  with  a  continuous  recording  chart 

so  that  the  consistency  of  the  dough  is  such  that  the  mixing  curve  centers 

on  the  5  K  Brabender  Unit  line  at  the  point  of  maximum  develo,nn  mt 

thus  establishing  comparisons  between  Hours  at  what  is  presumet  to  be 
uniform  consistency.  ^  ro  ne 

Fig.  6  shows  how  some  of  the  readings  arc  taken  from  a  farinoiri-inh 
cinvc.  1  ho  most  important  of  these  are  the  following:  ^  ^ 
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7.  COMPAHATIVK  FaHINOGRAPH  CuRVKS  OF  I^'fOURS 
FROM  DiFFERKNT  TyPE.S  OF  WllEAT 
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(a)  Absorption— This  is  the  percentage  of  water  in  the  clongli  at 
consistency  such  that  the  farinograph  curve  centers  on  tlie  500  Brahender- 
Lhiit  line  at  point  of  rnaximnin  development. 

(b)  1—The  time  in  minutes  from  start  of  mixing  curve  until  top  of 
farinogram  hand  touches  the  500-unit  line. 

(c)  M— Mixing  time  or  development  time.  The  time  in  minutes  from 
start  of  mixing  curve  to  peak  of  curve. 

{(I)  R— Mixing  tolerance.  The  time  in  minutes  from  I  until  the  top  of 
the  curve  drops  below  the  500-unit  line. 

( e)  D— Number  of  Brabender  units  as  indicated  on  curve  from  500-unit 
line  to  center  of  farinogram  band  20  minutes  after  starting  the  mixer. 

(7)  Drop  of  30  Units—  Time  from  start  of  mixer  until  middle  of  curve 
is  30  units  below  50()-unit  line. 

(g)  Consistency  drop— Brabender  units  from  500-unit  line  to  middle 
of  curve  15  minutes  after  peak  ( A/ ) . 

{li )  M.T.L— Mechanical  tolerance  index.  This  is  the  drop  in  Brabender 
units  from  the  peak  ( A/ )  to  a  point  5  minutes  after  the  peak,  both  points 
being  measured  at  the  top  of  the  band. 

(i)  Valorimeter  Value— The  valorimeter  value,  which  is  an  empirical 
figure  based  on  dough  development  time  and  mixing  tolerance,  is  read  off 
the  farinograph  curve  by  a  special  template. 


The  farinograph  curve  is  expected  to  give  information  on  absorption, 
mixing  time,  and  mixing  tolerance.  Care  must  be  taken  in  interpreting 
iiUinograph  data  because  of  the  variation  from  year  to  vear  of  farinograph 
correlation  with  baking  (piality.  Comparative  data  on  samples  of"  hard 

spring  and  hard  winter  bakers’  patent  and  soft  short  patent  Hours  are  <nv(‘n 
in  Table  15  and  F'ig.  7. 


J’able  1 5 


COMPARATIVE  ANAEVTICAI.  AND  FARINOGRAPH  DATA  ON  SOFT,  HARD  WINTER.  AND  HARD 
_  SPRING  PATENT  FLOURS 


Sprint^ 

Bakers 

Patent* 


•Ash,  per  cent 
Protein,  per  cent 

.Absorption  (farinoifi  aph  ).  per  cent 
I  (minutes) 

.M 

R 

( Brabender  units') 

M.T.I. 

Drop  of  30  Units  (min.) 
Valorimeter 


0.43 
12.50 
61  .5 

2.5 

8.5 
1 1.0 
60.0 
40 
13 
70 


'  The  farinograph  rurvps  for  these 


samples  are  shown  in  Fig.  7. 


Winter  Soft 

Bakers  Short 

Patent*  Patent* 


0.44 
11.90 
55.9 
2.5 
8.0 
12,5 
55  0 
20 
15 
69 


0.30 
7.50 
52.0 
1  .0 

3  0 
3,0 

180  0 
115 

4 

38 
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Tlie  Brabencler  extensograph  (Fig.  8)  is  a  device  for  mea.suring  and 
recording  the  extensibility  and  resistance  to  extension  of  Hour  doughs,  A 
definite  quantity  of  dough  at  established  consistency  is  placed  in  the  cradle 
of  the  extensograph  and  then  by  a  mechanized  arm  the  amount  of  exten¬ 
sion  per  unit  of  time  is  recorded.  The  height  of  the  extensograph  curve 
indicates  the  dough’s  resistance  to  extension  and  the  length  of  the  curve 
as  measured  on  the  horizontal  axis,  its  extensibility. 


Courtesu  of  C.  \V.  Brahcmler  Instruments  Co. 

Fig.  8.  The  Bhahendeh  E.\tensoghai>ii 

The  extensograph  curve  is  expected  to  show  the  degree  of  maturation 
of  the  flour  used  iii  the  dough  as  well  as  its  fermentation  and  machining 
behavior. 

The  Brabender  amylograph  is  a  recording  viscosimeter  which  provides 
a  continuous  automatic  record  of  the  viscosity  changes  which  occur  in  a 
flour-water  suspension  being  subjected  to  a  uniform  increase  in  tempera¬ 
ture,  The  viscosity  of  the  sample  of  flour  dough  or  suspension  in  water 
tends  to  increase  as  the  starch  gelatinizes  while  the  alpha-amylase  present 
tends  to  liquefy  the  gelatinized  starch,  thus  providing  a  measurement  of 
the  extent  of  enzyme  activity. 

The  manufacturer  claims  that  this  device  provides  information  that 
can  be  used  as  a  guide  for  proper  addition  of  enzyme  to  flour  to  provide 
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adequate  sugar  for  fermentation,  and  for  control  of  criinil)  softness  and 
rate  of  staling. 

Brown  and  Harrel  (1944)  describe  the  use  of  the  amylograph  in  con¬ 
trolling  enzyme  activity  in  rye  flour  where  excessive  amylase  activity  will 
yield  a  soggv,  wet  crumb.  Proper  enzyme  activity  as  indicated  by  the 
amylograph  curve  will  give  superior  crumb  and  good  quality  finished 


products. 

The  Mixograph  was  developed  by  Swanson  and  Working  (1933).  It 
consists  of  a  mixing  bowl  which  is  placed  in  the  center  of  a  lever  and  a 
pin  type  mixer  for  mixing  the  dough.  Increased  pull  of  the  gluten  as  it 
develops  is  transmitted  through  the  bowl  onto  a  chart.  Information  rela¬ 
tive  to  dough  development,  stability,  absorption,  etc.,  are  read  from  the 
curve.  However,  Johnson  et  al.  (1943)  in  a  study  of  the  relationships  of 
mixograms  to  baking  results  concluded  that  the  mixograms  were  of 
greatest  value  in  supplying  supplementary  information  with  regard  to 


mixing  requirements,  mixing  tolerance,  etc.,  which  may  or  may  not  be 
related  to  the  actual  baking  quality  of  the  flour  itself. 

Other  Physical  Tests.— A  large  number  of  other  physical  tests  are  used 
to  a  lesser  extent  in  the  evaluation  of  flour.  Among  these  are  sedimenta¬ 
tion,  as  developed  by  Zeleny  (1947),  the  Chopin  Alveograph  which  is  a 
measure  of  extensibility  or  resistance  to  expansion  of  a  thin  dough,  and 
many  others.  All  of  these  physical  tests  have  very  obvious  limitations  in 
that  they  evaluate  gluten  quality  in  an  empirical  fashion  under  a  rather 
limited  range  of  conditions  and  consequently  they  do  not  evaluate  baking 
quality  of  the  sample  under  consideration.  However,  they  no  doubt  do 
serve  a  useful  function  in  indicating  certain  factors  relative  to  flour  or 
gluten  quality,  and  changes  in  physical  dough  characteristics  as  measured 
by  these  various  machines  can  be  taken  as  an  indication  of  differences  in 

may  or  mav  not  be  of 

iignihcance  to  the  leaker.  In  tlie  light  of  this,  it  is  obvious  that  the  physi- 
ca  tests  as  such,  must  he  supplemented  with  otlier  types  of  tests,  such  as 
ciemical  evaluation,  to  indicate  gluten  quality  as  well  as  baking  tests 

SerJiudiU  Of  fl"-'  -'<1 


Organoleptic  and  Performance  Tests  and  Their  Significance 

Perfo™,anee  Tests.-The  baking  test  is  an  attempt  to  simulate  actual 
conditions  under  which  the  Hour  is  to  he  used  and  thereby  get  an  overall 

evaluation  of  its  properties  not  attainable  by  anv  of  the  nhvsic al  or  el  .  ‘  ■ 
cal  methods  prcviouslv  describfvl  Tla  i  i  •  1  ‘  cheini- 

<lilRca,lttocoi  trolbe  Is7o/  I  V  " 

tRe  fact  that  it  is  h  ise  I  on  I  <>f  Hh-  ingredients  as  well  as 

IS  based  on  a  biological  pbenomenon,  namely  the  growth 
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and  metabolic  processes  of  the  yeasts  themselves  which,  in  turn,  are  sub¬ 
ject  to  all  environmental  factors. 

Further,  in  commercial  baking  operations  a  wide  variety  of  formulas 
and  procedures  are  used  which  create  widely  different  demands  on  the 
quality  of  the  flour;  hence,  evaluating  flour  for  vastly  different  processes 
and  end  products  by  one  standard  baking  test  is,  at  the  best,  only  of 
limited  value  in  judging  baking  quality.  It  is,  therefore,  necessary  in  the 
evaluation  of  flour  by  the  baking  method  to  test  it  under  various  modifica¬ 
tions  of  the  basic  procedure  in  order  to  establish  fully  its  quality. 


Fig.  9.  Cross  Sections  of  Pup  Loaf  and  One-Pound  Loaf 


In  spite  of  the  shortcomings  of  the  baking  test,  it  still  gives  the  best 
overall  evaluation  of  the  flour  cpiality.  Bread  baking  test  methods  can  be 
divided  up  into  two  general  categories— the  sponge  and  dough  method, 
and  the  straight  dough  method.  The  sponge  and  dough  method  is  based 
on  making  a  soft  dough  with  from  one-third  to  one-half  or  more  of  the 
flour  and  the  yeast,  fennenting  for  a  time,  and  then  adding  the  remainder 
of  the  flour  and  the  other  ingredients,  mixing,  and  further  fennenting.  In 
the  straight  dough  all  constituents  are  mixed  together  before  fermentation. 
While  no  baking  method  will  furnish  all  the  information  desired  in  test¬ 
ing  a  sample  of  flour,  the  American  Association  of  CkTcal  Cfliemists, 
through  a  committee  of  its  members,  has  devised  standard  experimental 
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baking  methods  tor  botli  straiglit  dough  and  sponge  and  dougli  proce¬ 
dures  (Anon.  1957). 

The  Straight  Dough  Procedure.-The  straight  dough  procedure  is  a 
small  scale  or  “pup  ’  method  requiring  only  100  gm.  ot  flour  lor  a  test, 
mi.xing  hy  machine,  and  moulding  either  hy  hand  or  hy  machine.  The 
method  is  valuahle  in  giving  a  general  indication  ol  baking  quality,  par¬ 
ticularly  loal  volume;  however,  the  limitation  of  the  method  and  the  size 
of  the  resulting  loaf  preclude  accurate  evaluation  of  the  behavior  of  the 
dough  itself  or  the  internal  properties  of  the  loaf  obtained.  It  does,  how¬ 
ever,  furnish  limited  useful  information  in  comparing  various  Hours  lor 
general  baking  use. 

The  Sponge  and  Dough  Procedure.— The  sponge  and  dough  method  of 
the  American  Association  of  Cereal  Chemists  is  run  on  a  somewhat  larger 
sample  requiring  280  gm.  of  flour  and  ])roducing  approximately  a  one- 
pound  loaf.  Both  mechanical  mixing  and  moulding  are  used.  The  larger 
loav'es  obtained  hy  this  method  make  possible  closer  comparison  and 
evaluation  of  grain,  texture,  color,  etc.  (h'ig.  9)  than  is  possible  with  the 
“pup”  loaf. 

Modifications  of  the  standard  American  Association  of  Orc'al  Chemists’ 
Pup  Method  include: 

(a)  Mixing  respome.-ln  this  procedure  the  doughs  are  mixed  for 
varying  lengths  of  time  and  the  change  in  character  of  the  rcsidting  loaves 
noted.  Lvalnation  of  flour  hy  this  technicjne  will  give  inlorination  on 

optimum  mixing  time  and  mixing  tolerance  under  the  conditions  of  the 
test. 


(h)  Fermentation  response.-By  varying  feiinentation  time  and  noting 
effect  on  the  character  of  the  resulting  doughs,  information  can  he  ob¬ 
tained  on  optimum  fermentation  time  and  tolerance. 

(c)  Bromate  respome.-\n  this  test  increments  of  potassium  bromate 
are  acWed  to  tlie  doughs  and  the  results  are  noted  in  terms  of  finished 
oa  This  test  is  particularly  useful  in  evaluating  flours  to  he  used  in  the 
production  of  hard  rolls  where  high  bromate  treatment  is  important  in 
supplementing  the  mixing  procedure. 

While  these  various  standardized  test  methods  as  developed  bv  the 
W.can  Associ.ation  of  Cereal  Chemists  are  valuable  in  evaluation  of 

S’o  7  rn  '  ''''  considerable  criticism  becatrse  of  their 

lack  of  Hexdnhty  and  are  considered  by  Kent-Jones  (1934)  to  have  onlv 

very  „n,te,l  application  in  evaluating  Hour  „uality.  He  reeom7ende  I 
hat  fnithei  consideration  he  given  to  the  stndv  fif  rli 
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collaborative  study  carried  out  with  Geddes  (Kent-|ones  and  Geddes 
1936). 

Organoleptic  Tests.— Since  the  end  use  of  most  wheat  flour  is  in  food 
products,  it  is  essential  that  it  be  free  from  foreign  or  undesirable  odors 
and  flavors.  Flour  will  absorb  the  odor  from  such  materials  as  oil,  or  tar, 
if  exposed  to  them.  Occasionally  objectionable  seeds  such  as  garlic,  wild 
onion,  and  melolot,  cannot  be  completely  removed  from  the  grain  by  con¬ 
ventional  cleaning  equipment,  and  induce  undesirable  odors  and  flavors 
in  the  finished  product.  Testing  for  off-odors  in  flour  is  sometimes  facili¬ 
tated  by  mixing  the  sample  in  question  with  2  or  3  volumes  of  hot  water 
and  cautiously  sniffing  the  vapor  while  stirring  vigorously.  All  organolep¬ 
tic  tests  are  somewhat  unreliable  in  the  hands  of  a  lavman,  but  to  one 
thoroughly  experienced  with  them  and  having  trained  senses  of  smell 
and  taste,  they  can  be  highly  accurate.  Organoleptic  tests  are  used  in 
evaluating  the  bread  obtained  in  the  baking  test  and  odor  and  taste 
evaluations  are  included  in  the  overall  score. 
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CHAPTER  2 


Henry  J.  Peppier 


Yeast 


The  functions  of  yeast  in  breadmaking  are  to  lighten  the  dough  and 
impart  to  it  a  characteristic  aroma  and  flavor.  This  was  the  role  of  yeast 
for  thousands  of  years  before  its  existence  was  recognized.  This  remains 
its  destiny  today,  although  its  activities  have  been  improved  progressively 
through  scientific  modifications  in  the  manufacture  of  bakers’  yeast  and 
a  broader  understanding  of  bread  making  processes. 

The  biochemical  and  biophysical  transformations  caused  by  bakers’ 
yeast  appear  simple  enough.  Their  practical  achievement  is  complicated 
significantly  by  the  natural  cjualitative  and  quantitative  variations  in  raw 
materials,  as  well  as  by  changes  in  their  processing,  and  the  subsequent 
influence  of  handling  methods. 

Four  kinds  of  yeast  are  available  to  the  baker.  Living  yeast  for  leaven¬ 
ing  is  marketed  as  compressed  yeast  or  as  active  dry  yeast,  containing 
about  30  per  cent  and  92  per  cent  solids,  respectively.  Dead  dried  yeast 
for  nutritional  and  flavor  enhancement  is  furnished  as  specially-processed 
bakers’  yeast  for  white  bread  and  as  food  yeast  for  rye  bread. 


BIOLOGICAL  PROPERTIES  OF  BAKERS’  YEAST 
This  vital  element  upon  which  the  baker  is  so  dependent  is  an  oval- 
'.'X/ :  3’  plant  called  Saccharom„ees 

U  r,  i.e.,  beer).  Cells  normally  exist  singly  and  occasionally  in  pairs 
hiving  rise  to  new  cells  by  budding.  This  reproductive  power  is  replited’ 
nnnmerable  times.  Barton  (19,50)  observed  the  occurrence  of  0^  " 
cessive  buds  from  one  cell.  ^ 

thf  miMm. I  ascospores  commonly  develop  in 

must  be  force^l  by  Tpecial  irrcmKhHLir'Tr"^ 

fromt'toT/in™JtlfL'Ll2rof=  0^)07'^  T  '’‘f 

Creator  variations  in  size  are  found  in  l  ibo  T”' 

.greater  variety  of  nutritional  and  cultui;il  cpud^rprS 

. . .  "  '<--rcli.  nod  Star  Voast  and  I>r,>dno,.s  C,i. 
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Fig.  10.  Mighosgoimc  Appeahanc:e  ok  Lining  Commkhgia:. 
Bakeh.s’  Yeast,  Saccharoniijces  cerevisiac 


DifFcrent  varieties  or  strains  oF  S.  ccrcvisiae  are  seleeted  For  enltivation 
and  use  in  the  baking  and  lirewing  industry.  Photomicrographs  oF  typi¬ 
cal  commercial  bakers’  yeasts  are  shown  in  Fig.  10.  Other  species  of  Sac- 
cJuiromi/ces  are  found  better  suited  to  wine  and  spirits  production. 
Another  type  of  yeast  in  large-scale  production,  a  non-sporeforming  type, 
Candida  (Tondopsis)  utilis,  Fig.  11,  is  marketed  chiefly  as  a  dried,  non¬ 
living  nutritional  and  flavor  supplement  for  rye  bread,  othei  foods  and 
feeds.  A  related  species,  Candida  nionosa,  has  found  commeicial  appli¬ 
cation  in  the  egg-desiigaring  industry  because  of  its  selectivity  for  hexose 
sugars. 

According  to  Stodola  (1958),  about  500  species  of  yeast,  2,000  species 
of  bacteria  and  40,000  species  of  fungi  are  recognized  by  taxonomists, 
the  scientists  who  strive  to  maintain  a  workable  arrangement  of  oigan- 
isms  based  on  natural  clu'inical  and  anatomical  relationships.  Such 
orderly  classification  of  yeasts  has  been  compiled  by  Lodder  and  Kreger- 
Van  Rij  (19.52).  In  contrast  the  chemist  has  classified  about  7.50,0(K) 
compounds,  but  only  approximately  3,000  of  these  have  become  useful  in 
industrial,  agricultural  and  medical  applications. 
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I'lG.  11.  Microscopic  Appearance  of  a  Culture  of  Food 
^EAST,  Candida  {Tondopsis)  utdis 


Habitat 

Yeasts,  like  all  micro-organisms,  are  universally  distributed,  generally 
growing  harmlessly  on  various  parts  of  plants  wherever  sugar  is  available. 
-  ew  are  found  in  the  bowels  of  man,  herbivorous  animals  and  insects 
However,  as  Lund  (1954)  has  reported,  the  soil  is  the  main  repository 
ot  yeasts,  providing  protection  during  periods  unfavorable  to  growth  and 
serving  as  a  major  avenue  of  dissemination  via  air-borne  dust.  Very  few 
yeasts  are  causative  agents  in  the  diseases  of  man  and  plants. 

Anatomy 

Varieties  of  liakers'  yeast  cannot  lie  clistinguislied  from  cacli  otlier  or 

surrounding  it  Within  ec,r’  "7  ^Ytoplasm 

oles.  fat  gltdiules  ie;:  vac..- 

cellular  machinerv  whose  diftiM-  s  f.’f  P‘”fi<^les  and  other  pieces  of 
staining  procedures.  liinced  by  special  dyes  and 
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-  ••  ••  ■ 

Caurtcsii  of  Prof.  II.  C.  Douglas,  Univc'r.sity  of  Washington 

Fic:.  12.  Ei.ecthon  Michochai-ii  ok  Uktha-tiun  Section  ok  Saccliaromyce.s 

cerevisiae 


Abbreviations  refer  to  cell  structures:  C.  lu.  =r  cytoplasiuie  lueiubraue,  C.  w. 
cell  wall,  M  =  luitoeboiulriou,  N  =  uueleus,  S.  =  storajie  i^rauule,  aiul 

r=  vacuole. 
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The  development  of  the  electron  microscope  has  greatly  broadened  the 
study  of  microbial  structural  detail.  An  electron  micrograph  (Fig.  12) 
reproduced  from  Agar  and  Douglas  (1957),  reveals  cellular  components 
seen  for  the  first  time.  Noteworthy  are  the  cytoplasmic  membrane  di¬ 
rectly  beneath  the  cell  wall  and  the  elliptical  profiles  of  particles  identi¬ 
fied  as  mitochondria  arranged  in  the  peripheral  regions  of  the  cytoplasm. 

Specialized  functions  are  known  for  each  of  the  disci ete  cellular  parts. 
As  new  tools  and  techniques  are  applied  to  these  micro-structures,  more 
direct  evidence  of  their  function  is  added  to  the  meager  knowledge  of 
living  chemistry.  For  example,  the  yeast  cell  wall,  consisting  largely  of 
glucan  and  mannan  and  constituting  15  per  cent  of  the  cell  dry  weight 
(Northcote  and  Horne  1952),  appears  to  have  an  outer  metabolic  region 
according  to  the  studies  of  solute  penetration  reported  by  Conway  and 
Downey  (1950).  A  greater  role  in  the  cell  surface  by  enzymes,  the  cat- 
ahtic  compounds  regulating  practically  all  physiological  reactions,  is 
predicted  by  Rothstein  et  al.  ( 1959 ) .  Likewise  the  location  of  hexokinase 
at  the  surface  is  argued,  while  other  enzymes  of  the  cell  surface  may  be 
concerned  witli  extracellular  digestion  and  active  transfer  of  metabolites 
across  the  cellidar  membranes.  Eddy  (1958)  found  invTU’tase  activity  in 
isolated  cell  wall  fragments. 

In  the  nucleus  of  yeast  resides  its  hereditary  and  regidatory  mechanisms. 
Due  to  its  minute  size  (about  0..5/<,  to  1.5/7.  diameter),  progress  in  unravel¬ 
ing  its  actual  structure  is  slow.  At  present  cytological  interpretations  of 
the  yeast  nucleus  and  chromosomes  are  so  divergent  that  it  is  impossible 
to  give  a  description  which  would  be  generally  acceptable. 

Genetics 


The  mam  facts  of  inhei  itance  in  yeast  were  estalilished  by  W’inge  and 
Laustsen  (1938)  and  enriched  Iry  Lindegren  (1949)  and  others.  Their 
liasic  olKervations,  reviewed  by  Gilliland  (19.58),  opened  the  way  to 
t  le  application  of  modern  principles  of  yeast  genetics  and  systematic 
hybrid  inoduction  for  improvement  of  yeast  for  baking  and  brewing 
Success  in  these  investigations  has  been  limited  to  modification  of  a  single 
criteiion  such  as  increased  yeast  yield  or  faster  leavening  action  The 

;!remiser"‘  "P™’  f<’"owing 

(1)  Sacchawyce,  cells  exi.st  in  both  the  haploid  and  diploid  state 
..e.  one  set  anc  two  sets  of  chromosomes,  la.spectivelv;  (2)  vegetai 

asexual  buddinir.  i  •  ’  grown  indefinitelv  bv 

budding,  (3)  sporiilation  can  be  induced,  the  spores  are  haploid 
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and  can  be  maintained  as  liaploid  cultures,  asexually,  by  budding  for  long 
periods;  (4)  single  spores  brought  together  conjugate  sexually,  forming 
a  hybrid  (diploid)  yeast;  and  (5)  haploid  cells  can  be  mated  with  each 
other  to  produce  a  hybrid  ( diploid )  yeast. 

Combined  with  Lindegren’s  (1956)  classification  of  yeast  properties 
under  genetic  control,  Gilliland  (1958)  recognized  fourteen  characters, 
several  of  active  interest  to  investigators  in  the  bakers’  yeast  industry. 
These  are  arranged  in  Table  16.  As  yet  there  appears  to  be  little  com¬ 
mercial  interest  in  the  polyploid  yeasts  although  they  exceed  diploids  in 
size,  fermentation  rate  and  yield. 

Table  16 


SOME  CHARACTERS  OF  SACCHAROM^■CES  UNDER  GENETIC  CONTROI. 


riell 

Type 

Resistance 

to 

Content 

of 

Ability 
to  Make 

Size 

Sue;ar  cone. 

Respiratory  en- 

B-vitamins 

Color 

Salt  cone. 

zymes 

Purines 

Growth  rate 

.Alcohol  cone. 

Pyrimidines 

Flocculation 

Cation  cone. 

Specific  hydro- 

.Amino 

Autolvsis 

Ivtic  enzvincs 

acids 

The  cytoplasm  surrounding  the  nuclear  apparatus  is  the  main  arena 
of  chemical  activity.  Within  this  matrix  of  visible  bodies,  veiled  inner 
membranes  and  submicroscopic  particles,  sugars  are  converted  to  release 
energy,  new  combinations  of  chemicals  are  made  from  inoiganic  and 
organic  nutrients,  and  new  cell  parts  are  formed  to  reproduce  the  cell. 

Fermentation  is  the  principal  energy-yielding  mechanism  and  the  domi¬ 
nant  action  fostered  in  bread  doughs.  For  this  the  intact  cell  remains  the 
most  efficient  and  practical  fermenter.  Cell  saps  obtained  by  fracture 
of  the  cell  wall  and  tested  under  ideal  conditions  ferment  at  less  than 
half  the  rate  of  the  whole  cells. 

BIOCHEMICAL  PROPERTIES  OF  BAKERS’  YEAST 
Fermentation 

Long  before  mankind  knew  of  yeast  its  presence  could  be  discerned 
by  its  visible  and  tasteful  transfonnations  of  extracts  of  fruits  and  grains. 
Centuries  spanned  the  first  occurrence  of  flavor  enhancement  in  a  wheat 
porridge  by  natural  infection  (McCance  and  Wfiddowson  1955)  to  the 
ancient  Egyptians  who  recognized  leavening  action  and  by  :26()()  B.C. 
practiced  bread  making  by  methods  akin  to  those  followed  in  modem 
tinies  (Holder  et  al.  1954). 
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Tlie  phenomenon  of  fermentation  remained  in  tlie  realm  of  tlie  occult 
even  after  van  Leeuwenhoek  in  1685  observed  the  structuie  of  the  yeast 
cell  with  his  crude  microscope  because  he  failed  to  perceive  its  living  lole 
in  the  wine  and  beer  he  examined. 

Chemists  of  that  time  favored  the  concept  that  fermentation  was  purely 
chemical  alteration,  basically  as  Gay-Lussac  proposed  in  1810:  one  mole¬ 
cule  of  sugar  was  transformed  to  two  molecules  each  of  carbon  dioxide 
and  ethyl  alcohol.  Since  yeast  appeared  not  to  contribute  measurably  to 
the  reaction,  its  importance  was  denied. 


STARCH 


SUCROSE 


Ill  the  midst  of  mounting  reports  that  yeast  was  a  living  microbe  and 
was  vital  to  the  occurrence  of  fermentation,  Meyen  in  1837  named  it  the 
sugar  fungus”  or  Saccharomijces. 

The  scientific  controversy  reached  a  climax  in  1857  with  the  studies  of 

or  tl!e'  >1'  for  perception  provided  proof 

for  the  vitahstic  theory  of  fermentation,  that  “The  breakdown  of  sugar 

into  alcohol  and  carbonic  acid  is  a  correlative  action  of  a  vital  phenome- 

non,  an  organization  of  cells,  in  which  organization  the  sugar  takes  a 

lh«e‘ cells'”  Tv  of  the  substance  o‘f 

those  cells  ( Vallery-Radot  1957).  His  observations  further  established 

oncepts  which  have  withstood  a  century  of  examination: 

V  /  yeast  exists  and  is  active  in  air  as  wpH  i  <• 

its  liehavior  changes  accordingly;  (2)  in  the  presence  of’Th’ growtl! 
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is  rapid  and  little  alcohol  accumulates  (aerobiosis);  (3)  without  air  yeast 
growth  is  slow  but  alcohol  fonuatiou  is  increased  ( auaerobiosis ) ;  and 
(4)  besides  alcohol  and  carbon  dioxide  other  compounds,  such  as  glycerol 
and  succinic  acid,  occur  normally  in  yeast  fermentation. 

Toward  the  end  of  the  19th  century,  Fischer  extracted  the  enzymes 
invertase  and  maltase  from  yeast  and  established  their  specific  catalytic 
function  in  the  hydrolysis  of  the  sugars  sucrose  and  maltose.  The  achieve¬ 
ments  of  Buchner  quickly  followed  in  1897,  demonstrating  that  an  ex¬ 
tractable  enzyme  complex,  z)’mase,  was  capable  of  converting  sugar  to 
alcohol  and  carbon  dioxide  in  the  absence  of  the  intact  yeast  cell.  In 
the  decades  to  follow,  the  intensive  research  on  the  sequence  of  biochemi¬ 
cal  changes  has  brought  forth  many  details  of  the  complex  reaction 
mechanisms.  The  principal  steps  are  embodied  in  the  stylized  diagram, 
shown  in  Fig.  13,  illustrating  three  of  the  four  phases  of  carbohydrate 
metabolism  in  yeast:  first,  the  hydrolytic  preparation  of  carbohydrates 
to  permit  passage  of  sugar  through  the  membranes  into  the  cell  (Con¬ 
way  1958);  second,  modification  of  sugar  through  mediation  of  adenosine 
triphosphate  (ATP)  to  initiate  the  energy-yielding  reactions;  third,  de¬ 
composition  of  the  sugar  phosphates  and  their  intermediates  anaerobically 
to  carbon  dioxide,  ethyl  alcohol  and  additional  AFP;  and  fourth,  forma¬ 
tion  of  cell  constituents,  synthesized  with  help  from  AFP. 

Thus  ATP  serves  as  a  link  between  the  metabolic  reactions  releasing 
energy  and  the  cell-building  processes  requiring  energy.  The  series  of 
internal  oxidations  and  reductions  within  the  cell,  phases  two  and  three 
above,  are  known  as  the  Embden-Myerhof-Parnas  (EMP)  pathway  of 
glycolysis  (fermentation),  and  the  reactions  of  each  pair  of  intermediates 
is  catalyzed  by  specific  enzymes  and  co-factors  Ireely  suspended  in  the 
yeast  cell.  By  this  anaerobic  pathway  the  carbon  dioxide  emanates  from 
sugar  carbon  atoms  3  and  4. 

Other  systems  for  metabolizing  carbohydrates  exist  in  yeast.  The  main 
aerobic  system,  the  Krebs  or  tricarboxylic  acid  (TCA)  pathway,  which 
oxidizes  pyruvate  to  water  and  carbon  dioxide  occurs  in  the  specific  in¬ 
tracellular  structures  called  mitochondria.  Carbon  dioxide  fiom  this 
system  is  derived  equally  from  all  six  carbon  atoms  of  the  hexose  sugai 
acted  upon.  Of  minor  importance  here  is  the  oxidative  shunt  opeiating 
from  glucose-6-phosphate  (hexose  monophosphate  shunt  or  HMl  ), 
wherein  carbon  dioxide  is  preferentially  liberated  from  sugai  caibon-1. 
As  will  be  noted  later,  aerobic  pathways  yield  the  most  energy. 

Microclimate 

The  biochemical  problem.s  of  yeast  fermentation,  the  basis  of  leaven¬ 
ing,  are  modified  and  multiplied  upon  the  distribution  of  yeast  in  bread 
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dough.  There  the  action  of  tliis  0.5  per  cent  of  vital  solids  in  the  dough 
is  subjected  to  the  influence  of  a  vast  number  of  ever-changing  physical, 
chemical  and  biological  factors-the  microclimate  in  which  bakers’  yeast 
is  compelled  to  work. 

To  work  at  its  best,  yeast  recpiires  ( 1 )  a  balanced  nutritional  diet  of 
sugar,  available  nitrogen,  minerals,  vitamins  and  water,  and  ( 2 )  an 
optimum  environment  with  respect  to  such  rate  regulators  as  temperature, 
enzymes,  oxygen,  acidity,  nutrient  concentration  and  time. 


Nutrients 

As  Pasteur  led  the  way  to  the  fundamentals  of  fermentation  chemistry, 
Hansen  (1896),  a  physiologist,  pioneered  the  development  of  methods 
for  separating  mixtures  of  yeast  into  single,  pure  cultures,  thereby  to  study 
scientifically  the  factors  affecting  yeast  action.  His  pure  culture  tech¬ 
niques,  including  even  the  isolation  of  a  single  yeast  cell  and  its  nourish¬ 
ment  to  visible  growth,  established  the  importance  of  yeast  strain  selection 
for  industrial  processes.  This  dependence  of  yeast  behavdor  on  its 
hereditary  and  evironmental  factors  still  occupies  a  prominent  place  today 
in  bakers’  yeast  research  programs. 

In  light  of  modern  studies  with  culture  media  of  known  chemical 
composition,  the  nutritional  factors  essential  for  yeast  growth  can  be 
defined.  The  basic  needs  of  bakers’  yeast  are  illustrated  by  reference  to 
the  synthetic  medium  devised  by  Olson  and  Johnson  (1949)  which 
produced  greater  yeast  crops  than  those  reported  for  molasses  and  other 
natural  substrates.  Their  strain  of  bakers’  yeast  attained  a  yield  of  53  gm. 
dry- yeast  100  gm.  glucose  in  an  aerated  solution  of  glucose,  serine, 
phosphate  salts  of  potassium  and  ammonium,  magnesium  sulfate,  traces 

o  zinc,  iron  and  copper,  and  vitamins-biotin,  thiamin,  pyridoxine, 
inositol,  and  calcium  pantothenate. 

and  alanine. 

uithout  appreciable  change  in  productivity.  In  studies  with  other  strains 
of  hakers  yeast,  Chen  (1959A)  showed  yields  of  nearly  50  per  cent  in  a 
similar  medium  devoid  of  amino  acids.  ' 

In  addition  to  glucose,  which  is  preferentially  utilized  bv  most  biological 
mechanisms,  bakers  yeast  ferments  the  he.soses  fructose  and  mannose  the 
.OSes  Slid ose,  maltose  and  trehalose,  the  trisaccharides  raffinose’and 

f,  “rTh  tetrasaccharide  s  aehyo  e 

V  iTt  ail",T  ^ ^  Hi  ke"’ 

. 
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l)y  W  allen  ct  al.  (1959),  who  listed  233  different  fermentation  reactions 
performed  by  yeast.  Of  the  14  type  reactions  considered,  yeast  performed 
eight,  reduction  exceeding  in  frequency  all  others  (Table  17). 

Table  17 


TYPE  REACniONS  PERFORMED  BY  YEAST 


Reaction 

Number 

Reaction 

Number 

Reduction 

156 

Esterification 

10 

Decarboxylation 

21 

Condensation 

9 

Deamination 

17 

Hydrolysis 

5 

Oxidation 

14 

.Amination 

1 

Sucrose  and  its  components,  glucose  and  fructose,  which  together 
constitute  invert  sugar,  are  fermented  with  great  ease  by  bakers  yeast; 
some  strains  exhibit  a  slightly  faster  fermentation  rate  on  glucose.  Under 
ideal  conditions  at  86°F.  this  rate  approximates  one  gram  glucose/hoiir 
gm.  yeast  at  30  per  cent  solids  (Nickerson  and  Schultz  1957). 

The  free  sugar  content  of  flour  is  about  one  per  cent  (  MacKenzie  1958), 
and  the  rate  at  which  it  becomes  fermentable  is  dependent  upon  the  strain 


of  yeast  employed. 

Nitrogen  is  required  in  abundance  to  build  protein  and  nucleic  acids, 
which  together  comprise  more  than  half  of  the  yeast  dry  matter. 
Inorganic  ammonium  salts,  urea  and  amino  acids  are  metabolized  readily. 
A  few  other  nitrogenous  compounds,  allantoin,  guanine,  adenine  and 
cytosine  are  available  in  varying  degree  to  bakers’  yeast  ( Di  Carlo  et  al. 


1951). 

Nitrogenous  compounds  are  plentiful  in  dough,  but  the  addition  of 
ammonium  chloride,  a  component  of  yeast  foods,  generally  stimulates  fer¬ 
mentation. 

Eight  mineral  elements  are  essential  for  yeast  growth;  some  are  integral 
constituents  of  enzymes  and  function  as  cofactors  in  fermentation.  Those 
needed  in  relative  abundance  are  magnesium,  phosphorus,  potassium, 
sodium  and  sulfur,  readily  supplied  as  phosphate  and  sulfate  salts.  Only 
trace  amounts  of  copper,  iron  and  zinc  are  essential  to  yeast  propagation 


and  fermentation. 

The  natural  ingredients  of  bread  dough  are  believed  to  contain 
adequate  levels  of  minerals  for  yeast  action  (Atkin  et  al.  1945).  Bread 
doughs  made  up  with  soft  water  show  faster  proof  times  upon  the  addition 
of  calcium  sulfate  (gypsum),  also  an  ingredient  of  many  yeast  foods 
(  Uelbert  and  Thorn  1958). 

Traces  of  some  vitamins  added  to  media  otherwise  adequate  in  sugar, 
nitrogen  and  salts  are  rccpiired  factors  for  cell  growth,  while  others  meiely 
stimulate  gas  production.  In  this  regard  bakers  yeast  strains  vary  widely. 
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Hie  following  are  beneficial  for  inaxiimnn  growth,  hot  do  not  appear  to 
modify  fermentation  rates  of  bakers  yeast  if  adectiiate  levels  weie 
availai)le  during  yeast  propagation:  biotin,  pyridoxine,  tbiamin, 
pantothenic  acid,  inositol  and  niacin. 

Vitamin  deficiency  is  not  a  normal  occurrence  in  bread  making  ( Atkin 
et  al  1945);  and  there  is  no  evidence  that  fortification  of  doughs  with 
thiamin  or  pyridoxine  affects  the  leavening  action  of  yeast. 


Rate  Regulators 


In  addition  to  an  adequate  supply  of  nutrients  and  accessory 
compounds,  the  optimum  performance  of  yeast  is  dependent  upon  the  in¬ 
fluence  exerted  by  several  factors  classed  as  rate  regulators.  These  are 
water,  enzymes,  oxygen,  temperature,  hydrogen  ion  concentration  (pH), 
nutrient  concentration  and  toxic  substances. 

W'ater  is  the  most  abundant  compound  on  earth  and  in  living  cells.  It 
is  indispensable  to  all  biological  systems,  performing  the  manifold  tasks 
of  ( 1 )  providing  an  abode  or  medium  in  which  micro-organisms  are  dis¬ 
persed  and  suspended,  (2)  solubilizing  constituents  within  the  cell  and 
nutrients  outside  the  cell,  (3)  transporting  metabolites  into  the  cell  and 
removing  products  of  metabolism,  and  ( 4 )  participating  in  many  reactions 
ranging  from  hydration  and  hydrolysis  of  polysaccharides,  proteinaceous 
and  lipoidal  compounds  to  oxidations  and  reductions  leading  to  their  poly¬ 
merization  and  synthesis. 

In  bread  dough  yeast  encounters  less  water  than  is  found  normally  in 
yeast  cells-70  per  cent.  Then,  as  part  of  the  dough  make-up  water 
hydrates  ingredients,  even  less  free  water  is  available  to  the  yeast— and  a 
portion  of  that  is  bound  up  during  hydrolysis,  as  for  example,  in  the  inver¬ 
sion  of  sucrose,  resulting  in  a  gain  of  5.26  per  cent  in  fermentable  sugar. 


(lbs.)  100  sucrose  -f-  5.26  water  =: 

52.63  glucose  ( dextrose )  -f-  52.63  fructose  ( levulose ) 

Protoplasmic  regulation  of  the  water  supply  in  the  cell  is  a  complex 
prohlem  of  adjust, nent  for  bakers’  yeast  in  view  of  the  concentrated 
solution  of  sugar,  salt  and  minerals  in  which  it  is  bathed. 

Enzymes  and  co-enzymes  are  nitrogenous  compounds  formed  by 
ivmg  cells  f.om  vitamins  and  numerous  other  building  blocks  for  the  pur¬ 
pose  of  acce  erating  the  cellular  reactions  of  digestion,  fennentation 
synthesis  and  transport  of  metabolites.  In  these  catalytic  functions 

m,  rkcdly  by  temperature,  pH,  concentration  of  reactants  etc  Based  m 
a  true  yeast  protein  content  of  40  per  cent  at  \  .  i  ‘ 

enzyme  protein  (Johnson  1950).  ’  '  (>iie- ourth  of  it  is 
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Each  enzyme  lias  a  specific  function,  causing  only  one  type  of  reaction. 
4’his  is  an  inherited  (piality.  C>onseqnently  bakers’  yeast,  which  probably 
has  more  enzymes  than  most  micro-organisms,  cannot  digest  starch  or 
lactose  because  the  respective  hydrolytic  enzymes,  amylase  and  lactase, 
are  not  synthesized. 

All  evidence  points  to  the  intercellular  location  of  enzymes,  their  release 
to  the  surrounding  medium  occurring  upon  death  of  the  cell  (  Eddy  1958). 
The  hydrolytic  enzymes  of  bakers  yeast  are  thus  not  secreted.  As  Demis 
et  ciL  ( 1954 )  have  shown,  invertase  is  located  on  the  surface  of  bakers 
yeast,  and  under  normal  conditions  it  splits  sucrose  at  a  rate  3(K)  times  as 
rapid  as  the  rate  of  glucose  fermentation.  Bakers’  yeast  is  a  preferred 
industrial  source  of  invertase  ( Peppier  and  Thorn  1960 ) . 

When  yeast  is  placed  in  a  dilute  sugar  solution  and  adequately  aerated, 
the  sugar  is  utilized  exclusively  by  the  aerobic  or  oxidative  pathway.  In 
the  absence  of  oxygen,  or  with  greater  sugar  concentrations,  the  ferment¬ 
ative  pathway  manifests  itself,  releasing  only  eight  per  cent  of  the  energy 
obtained  by  oxidation.  The  energy  remaining  in  the  alcohol  can  be 

obtained  only  by  oxidation. 


Oxidation:  >  6  CO^  +  6  IP.O;  aF  -  686  kcal. 

H'ennentatio.i:  ^  2  CO,  +  2  C:,Hr,OH;  -aF  =  54  kcal. 

'I'lie  etfects  of  both  patbway.s  on  yea.st  behavior  are  illustrated  nr  Tables 
18  and  19.  T’bese  data,  adaptetl  from  Chen  ( 19.59A),  emphasize  the  neei 
for  highly  aerobic  conditions  to  produce  the  maximum  yeast  mas.s  and 
that  the  oxidative  and  fermentative  systems  share  almost  e<inally  in 
providing  the  biological  energy  to  form  new  cell  matter.  Such  m 

growth  conditions  also  produce  variations  in  yeast  composition.  Tims 
Chen  (19.59B)  has  found  trehalose  to  vary  from  two  per  cent  of  the  total 
carbohydrate  content  in  fermenting  cells  to  38  per  cent  in  aerobically 

grown  yeast.  ,  .  ^  i 

In  its  leavening  action  in  dough,  yeast  fermentation  predoimnates,  and 

60  per  cent  of  the  free  energy  of  fermentation  (54  kcal.)  is  dissipated  as 

heat  ( Thorne  1957 ) .  ,  i  .  •  f 

The  aliility  to  consume  oxygen  may  lie  lost.  Although  this  is  le  mos 

common  hereditary  defect  of  yeast,  only  about  one  per  cent  of  a  cidh're  « 
yeast  is  incapable  of  aerobic  growth  ( Lindegren  19.58).  Naturally  this  is 
of  watchful  concern  to  the  propagator  of  hakeis  yeast,  nit  is  wi 
significance  in  dough  leavening. 

The  most  favorable  temperature  for  bakers’  yeast  growth  and  feimeida- 
tion  is  in  the  range  of  84°  to  «)°F.,  depending  upon  the  strain  used,  l-oi 
"easts  the"optimum  may  lie  between  77°  and  9.5°F.  At  lower 


YEAST 


47 


'Tabik  18 


EFFECT  OF 

AERA  ITON  RATE 

ON 

GROWI  II 

EFFICIENCY 

.\eration 

Growth 

Rate' 

F.fhciency- 

69 

49 

20 

35 

17 

28 

7 

15 

'  .As  mM  oxygen  per  liter  per  hour. 

gm.  gluro.se. 

2  .As  grams  dry  yeast  made  from  100 

Table 

19 

EFFECT  OF  AERATION  R.ATE  ON  QUANTITY  OF  CARBON  DIOXIDE 

FROM  DIFFERENT  PATHW.AYS  OF 

GLUCOSE  DISSIMILATION 

Metabolic  CO.>.  Per 

cent 

.Aeration 

Growth 

Rate* 

Efficiency^ 

HMP** 

TC.A*> 

EMP3 

69 

49 

6.1 

42.6 

51  3 

15 

31 

4.4 

15.1 

80  3 

7 

13 

4.3 

0.7 

95.0 

'  As  mM  O  l./hr. 

2  As  grams  dry  yeast  made  from  100  gm.  glucose 

2  Hmp  hexose  monophosphate  shunt.  TCIA— tricarboxylic  acid  oxidative  pathway.  EM l‘-F,mbden-M ver- 
liof-Parnas  glycolysis. 

temperatures  growth  and  fermentation  will  proceed,  ])ut  at  much  slower 
rates.  Temperatures  above  95° F.  progressively  decrease  yeast  activity 
with  concomitant  lo.ss  of  viability;  at  13()°F.  most  cells  are  killed  within 
five  .niiiutes.  Tlie  data  of  Matz  (19.57),  Table  20,  imiicate.s  tbe  degree 
(>l  cliaiige  in  gas  production  in  the  range  of  fi4°  to  1I6°F. 


Table  20 

REL.ATIVE  GAS  PRODUCTION  AT  DIFFERENT  TEMPERATURES* 


Temperature,  °F. 


Relative  COa 
Evolved** 


64 

87.5 

102 

111 

116 


‘  .Adapted  from  Matz  (1957). 
2  .After  90  rnin. 


59 

100 

89 

82 

78 


Table  21 

EFFECT  OF  SUGAR  CONCENTRATION  ON  GAS  PRODUCTION* 


Sucrose^ 


Relative  CO-.  Evolved 


ihed  dough  system  tested  in  Sandstedt-Blish 


pres.sureineter. 


4 

10 

100 

oirain  u 

100 

— 

1  5 

92 

96 

20 

76 

87 

‘  I  rom  I  horn  (1959). 

61 

75 
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Dough  temperatures  occurring  during  commercial  Fermentation  range 
From  72°  to  82°  in  cold  weather  and  78°  to  88° I",  in  warm  weather  ( Swort- 
Figuer  1950,  Rumsey  1959). 

Yeast  Ferments  and  grows  best  in  an  acidic  environment,  tolerating 


acidities  as  low  as  pH  2  and  showing  a  remarkable  capacity  to  adjust  the 
pH  to  its  preferred  pH  near  4.5.  In  commercial  practice  doughs  after 
mixing  are  near  pH  6.0,  approach  pH  4.5  after  fermentation  and  rise  to 
approximately  pH  5.2  after  baking. 

Interference  with  fermentation  rates  may  develop  due  to  high  concen¬ 
trations  of  nutrients  and  to  the  presence  of  toxic  substances.  High  levels 
of  sugar,  as  are  commonly  used  in  sweet  doughs,  affect  the  ability  of 
bakerV  yeast  to  ferment  rapidly  (  Table  21 ) .  This  type  of  inhibition  is  due 
to  high  osmotic  pressure;  and  according  to  Thorn  (1959),  glucose, 
galactose,  and  sodium  chloride  added  to  a  dough  system  to  provide  the 
same  osmotic  tension,  inhibited  gas  formation  equally. 

Poisons  of  organic  and  inorganic  nature  influence  yeast  activity, 
reducing  yeast  productivity  and  quality  and  infrequently  interfering  with 
fermentation  in  bread  making.  Certain  metals  aie  to  be  avoided  in  the 
selection  of  equipment,  while  errors  in  sanitation  may  contribute  un¬ 
wanted  residual  germicidal  agents.  White  and  Munns  (1953)  reported 
the  effect  of  different  metals  and  compounds  on  yeast  growth  (Table  22), 
showing  that  an  increased  complexity  of  the  composition  of  the  growth 
medium  provided  some  protection  against  poisons,  probably  due  to  the 
presence  of  chelating  agents. 


Table  22 


POISONS  PREVENTING  YEAST  GROWTH^ 


Substance 


Sucrose 

Agar^ 


Molasses 

Agar^ 


Decyl  dimethyl  ammonium 
bromide 

Cetyl  trimethyl  ammonium 
bromide 
Mercury 
Chlorine 
Formaldehyde 
Cadmium 
Copper 
Sulfur  dioxide 
Phenol 


22 

25 

40 

125 

225 

350 

400 

1500 

2500 


*  Adapted  from  White  and  Munns  (1953). 

2  Values  are  approximate  p.p.m.  of  compound  rc(iuired  to  arrest  growth  completely. 


17 

17 
50 
200 
225 
500 
>  500 
1250 
2500 


Finney  ef  al  (1949)  found  as  little  as  one  p.p.m.  cadmium  chloride 
produced  a  significant  reduction  in  yeast  activity  and  loaf  volume.  The 
problem  originated  with  the  poor  results  obtained  with  a  new  mixer,  later 
found  to  have  cadmium-coated  planetaries. 
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HOLE  OF  YEAST  IN  BREAD  .MAKING 

Combining  a  wide  choice  of  basic  ingredients  with  numerous  methods 
of  dough  preparation  and  handling,  the  baker  practices  bread  making  witli 
commendable  success.  The  kind  and  cjuality  of  floui,  the  choice  of  active 
dry  yeast  or  compressed  yeast,  and  the  type  of  formula  selected,  whethei 
straight,  sponge  and  dough,  lean  or  rich,  necessitates  changes  in  mixing 
schedules  and  fermentation  procedure.  Likewise  varying  the  yeast  con¬ 
tent,  among  other  ingredients,  affects  the  time  of  mixing,  dough  develop¬ 
ment  and  pan  proof. 

Regardless  of  the  bread-making  method  employed,  yeast  action  in 
panary  fermentation  leads  primarily  to  two  results: 

(1)  The  formation  and  migration  of  carbon  dioxide  culminating  in  a 
network  of  cellular  compartments,  occupying  about  120  cubic  inches  per 
pound  of  loaf,  to  lighten  or  raise  the  dough,  thereby  improving  greatly  its 
ultimate  palatability;  and  (2)  the  simultaneous  production  and  concen¬ 
tration  of  alcohols,  aldehydes,  ketones  and  acids  contributing  to  bread 
aroma  and  flavor. 

In  its  secondary  role  yeast  alters  the  physieal  properties  of  dough, 
especially  gluten  elasticity,  through  the  powerful  stretching  actions  gener¬ 
ated  by  the  diffusion  and  accumulation  of  carbon  dioxide  throughout  the 
dough  mass.  This  rupturing  of  gluten  cross-linkages  is  described  variously 
by  bakeis  and  cereal  chemists  as  mellowness,  ripeness,  maturity  and  dough 
conditioning.  Or  as  Pyke  (1959)  expressed  it  allegorically,  yeast  must 
serve  as  the  last  domestie  animal  used  for  power  .  .  .  the  horse,  the  mule, 
the  ox  foi  ploughing  .  .  .  —all  these  have  been  mechanized.  Only 
Saccharomijces  cerevisiae  retains  its  place  to  pull  on  the  gluten  fibres  of 
the  dough  to  produce  a  desirable  structure  ....’* 

Perhaps  this,  too,  shall  pass-for  even  now  some  continuous  dough¬ 
making  .systems  have  relegated  yeast  exclusively  to  its  primary  functions: 


1  ABLE 


effect  of  yeast  concentration  on  proof  and  VOLUl 


CY' 


.Anyi 


1.75 
2.00 
2. 25 
2.50 

2.75 


0.7 
6.8 
0.9 
1  .0 
i  .’i 


ProoP 


105 

115 

100 

103 

97 

100 

94 

93 

87 

90 


Volume^ 


97 

99 

100 

99 

100 

100 

100 

99 

102 

99 
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flavor  enhancement  and  pan  proofing.  Others  have  demonstrated  that 
dough  mixed  mechanically,  leavened  chemically,  and  flavored  with  yeast 
derivatives,  produces  a  loaf  indistinguishable  from  yeast  leavened  white 
bread  (Chen  and  Peppier  1954,  Matz  et  al.  1958). 

Yeast  usage  has  increased  with  changes  in  flour  technology  and  bread¬ 
making  techniques  favoring  savings  in  time  and  other  economies  of  pro¬ 
duction.  Twenty  years  ago  most  sponge  formulas  specified  less  than  two 
pounds  of  compressed  yeast  per  hundredweight  of  flour.  Higher 
extractions  of  flour,  and  improved  methods  of  maturing  it,  raised  yeast 
levels  to  two  and  one-half  per  cent  (Long  and  Brcnsike  1958).  Some 


Courtesy  of  R.  B.  Koch,  QM.  Food  and  Container  Institute 

iMG.  14.  Changes  jn  Sugar  Content^  of  a  Straight  Dough 

Fermented  at  86°!'. 

modified  sponge  and  dough  fonnnlations  are  almost  double  that.  The 
Navy  Department’s  Bayonne  bread  fonnula  specifies  1.8  per  cent  active 
dry  yeast,  erpiivalent  to  approximately  four  per  cent  compressed  yeast, 
thereby  reducing  production  time  more  than  .50  pei  cent  (Anon. 
Chussler  and  Gorman  1959). 

For  the  brew-dough  process  the  compressed  yeast  content  is  common  y 
at  three  per  cent,  and  reaches  ten  per  cent  in  some  frozen  doughs. 

Concurrent  with  these  technological  changes  has  been  the  irnproveniei 
of  bakers’  yeast  quality-better  color  and  physical  properties,  greater 
uniformity  and  stability,  improved  .shelf-life  and  microbial  purity,  anc  in¬ 
creased  gassing  rates,  some  gains  exceeding  20  per  cent  during  the  last 

decade. 
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TIk;  spongt'  and  dougli  procedure  remains  the  major  bread-makin.^ 
method  in  commercial  practice  today  (Hnmsey  1959).  Unless  otherwise 
stated  it  is  the  system  of  reference  in  the  ensuing  review. 

Active  dry  yeast  (ADY)  and  compressed  yeast  ( C.iY )  perform  leavening 
functions  with  essentially  equal  vigor  in  the  average  sponge  and  dough 
formula.  ADY  conversion  rates  commonly  employed  range  from  40  to  50 
per  cent  of  the  CY  weight,  or  ratios  of  1:2.5  to  1:2.0,  ADY:CY,  respec- 
tivelv.  The  lower  conversion  rates,  meaning  the  lesser  amounts  of  ADY, 


(■ourtc.iy  of  R.  B.  Koch,  QM,  Food  and  Container  Inslitiilc 


k;.  15.  Changes  in  Sugau  Concentration  of  a  Sponge  and 
J^oucai  During  Fermentation  at  86° F. 


are  favored  as  formulas  increase  in  sugar  content  and  are  supplemented 
with  amylase  and  yeast  food,  and  high  temperatures  are  used  for  sponges, 
doughs  and  proofing.  An  excellent  review  of  ADY  characteristics  and 
usage  has  been  compiled  by  Thorn  and  Reed  (1959) 


Yeast  Content 


The  relative  effects  of  yeast  concentration,  both  ADY  and  CY  as 

ri't"Ti95m"V'"  sponge  and  dough  formula  by  Mer- 

ntt  (1950),  ate  summarized  in  Table  23.  Increasing  the  content  of  eitlier 

yeast  shortened  tlie  proof  time,  but  resulted  in  little  change  of  loaf  volume. 


Effect  of  Ingredients  on  Yeast  Activity 

. .  ---  - 


/ 


I. 


/  ' 
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dispersed  in  a  warm  dough;  and  the  action  continues  almost  immediately 
on  the  free  hexose  sugars  contributed  by  the  Hour  and  sugar  supplements. 
In  the  late  dough  and  proof  stages,  some  of  the  maltose  derived  from 
hydrolysis  of  starch  is  fermented.  Koch  et  al.  (1954)  determined  the 
sequence  and  degree  of  sugar  changes  in  straight  doughs,  sponge-doughs 
and  synthetic  media.  In  a  straight  dough  made  with  three  per  cent  CY 
and  five  per  cent  sucrose.  Fig.  14,  glucose  was  fermented  in  preference  to 
fructose,  while  the  maltose  content  rose  even  though  an  ample  supply  of 
hexose  sugars  was  present  to  maintain  yeast  activity. 


Fig.  16.  Kate  of  Gas  Phoduction  and  Changes  in  Maltose  and  Sucrose  in  a 

Synthetic  Medium  at  86** F. 


Broken  line  shows  gas  rate. 

Similar  analysis  of  a  fermenting  sponge  and  dougli,  with  the  suciose 
addition  at  the  dough  stage.  Fig.  15,  demonstrated  the  adaptation  of  yeast 
to  maltose  fermentation,  resulting  in  its  increased  utilization  in  both  the 
sponge  and  dough  stages.  Here,  too,  glucose  was  fermented  more  rapidly 
than  fructose,  but  the  lactose,  introduced  with  the  non-fat  milk  sohc  s, 
cannot  be  fermented  by  yeast  and  its  content  remained  unchanged. 

The  same  over-all  changes  observed  in  bread  doughs  were  found  when 
gas  production  rates  and  sugar  concentration  changes  were  determined  in 
a  nutrient  synthetic  medium  containing  equal  amounts  of  sucrose  and 
maltose.  As  Fig.  16  shows,  maltose  fermentation  began  slowly  but  in¬ 
creased  sharply  when  invert  sugar  was  exhausted,  producing  a  marked 
burst  in  the  gassing  rate. 

Not  all  the  sugar  in  doughs  is  transformed  by  yeast.  Koch  cf  al  ( 1954  ) 
found  the  same  maltose  residual  in  bread  whether  by  their  sponge  and 
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dough  method  or  by  their  straiglit  dough  procedure  without  added  sugar; 
l)ut  twice  as  much  maltose  remained  in  the  bread  when  sucrose,  glucose 
or  fructose  was  included  in  the  straight  dough  formula.  Bohn  (1954) 
compared  the  sugar  used  during  fermentation  in  various  bread-making 
processes.  Although  wide  differences  can  be  expected  because  bake-shop 
conditions  vary,  the  following  comparison  by  Bohn  is  typical  of  sugar 
consumption  during  fermentation: 


Type 

Sucrose 

Added' 

Used  in 
Fermentation 

Laboratory  sponge  dough 

3 

1.9 

6 

2.2 

8 

2.3 

Commercial  sponge  dough 

3 

1.4 

7 

2.7 

Laboratory  straight  dough 

5 

3.2 

*  Values  are  per  cent,  flour  basis. 

In  an  average  commercial 

sponge  and  dough 

system  with  CY,  Table 

24,  sugar  concentrations  above  two  per  cent  increased  proof  time  (  Merritt 
1950).  Loaf  volume,  however,  was  optimum  at  four  per  cent  sugar,  and 
was  accompanied  by  improved  crust  color,  and  internal  characteristics  up 
to  six  per  cent  sugar.  ADY  in  the  same  dough  system  proofed  equally  as 
well  at  four  per  cent  as  at  two  per  cent  sugar,  and  performed  better  than 
CY  at  higher  sugar  concentrations.  Prince  (1958)  noted  that  in  sweet 

goods  production  the  higher  the  sugar  content,  the  better  the  relative  per¬ 
formance  of  ADY  vs.  CY. 


Table  24 

^^ECT  OF  SUGAR  CONCENTRATION  ON  PROOF  AND  VOLUME 


ProoT 


Volume^ 


Sugar' 


CY 


ADY 


CY 


ADY 


0 

2 

4 

6 

8 

10 


256 

100 

107 

108 
115 
129 


218 

100 

100 

103 

108 


'  Per  ren(.  Hour  basis, 

2  Average  of  eight  loaves,  relative  values. 


89 

100 

101 

101 

98 

98 


94 

100 

100 

100 

99 


In  a  sweet  dough  system  containing  20  per  cent  sugar  Thorn  ('1959') 
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Table  25 

EFFECT  OF  YEAST  FOOD  LEVEL  ON  PROOF  AND  VOLUME 


^>ast 

Food' 

FrooP 

Volume'' 

CY  .\DY 

CY 

.ADY 

0 

111  118 

97 

92 

0.25 

100  106 

100 

100 

0.375 

95  105 

104 

100 

0.5 

95  100 

106 

100 

0.75 

94 

106 

1.0 

92 

105 

'  Per  rent,  flour  basis. 

broinate  type. 

2  .Average  of  eight  loaves,  relative  values. 

Table  26 

INFLUENCE  OF  YEAST 

f'OOD  CCfMPONENTS  ON 

PROOF  TIME  OF  ADY 

Proof,  min. 

Component' 

Hard 

Soft 

(lypsum  NH.,C;i 

NaCl 

water 

water 

0 

0 

0 

61 

64 

0  13 

0 

0 

61 

62 

0 

0  05 

0 

55 

57 

0  13 

0  f)5 

0 

54 

55 

0 

(1 

0  13 

65 

b2 

0  13 

0 

0  13 

65 

()1 

0 

0  05 

0.13 

56 

57 

0.13 

0  05 

0  13 

54 

54 

'  Per  rent,  flotir  basis; 

potassium  bromate  roninion  to  all  roml'inalions  at  ()..3  pet  rent 

(>(  yeast  food,  used  at  d.S 

j)er  rent,  flour  basis. 

Table  27 

EF FECIT  OF  SALT  CONTENT  ON  PROOF 

ANI>  VOLUME 

ProoF 

Volume^ 

NaC:i' 

CY 

.ADY 

CY 

ADY 

0 

100 

100 

100 

100 

1  0 

106 

106 

102 

104 

1  5 

116 

112 

106 

104 

2  0 

120 

120 

103 

106 

2.5 

133 

126 

102 

102 

■  Per  rent,  flour  basis. 

2  Average  of  eight  loaves,  relative  values. 


tlie  increased  oxidant  level  improves  sponge  appearance,  and  loaf  grain 
and  texture,  especially  with  ADY  doughs.  Besides  the  hroinate,  the  active 
components  in  veast  food  are  ammonium  chloride  and  gypsum,  the  latter 
being  effective'  in  shortening  proof  time*  in  doughs  made*  with  soft  watei 

(Table26). 

Salt.— All  levels  of  salt  suppress  ye^ast  acti\  it\'  markedly  (  1  able  1-7)  in¬ 
creasing  proeif  time  10  to  20  per  cent  in  the  optimal  range  (  1.5  to  2  per  cent 
salt)  generally  employed  te)  toughen  the  dough,  improve  bread  flavor  and 
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achieve  maximum  loaf  volume.  In  the  opinion  of  White  (1954)  the 
astringent  action  of  salt  on  doughs  prevents  excessiv(‘  stickiiu'ss  aud  sol- 
leniug  and  suppresses  bacteria  to  some  degree. 

Shortening.— In  the  absence  of  shortening,  Merritt  (1950)  observed 
the  lowest  proof  time,  but  it  increased  one  minute  with  each  one  per  cent 
increase  in  shortening  up  to  five  per  cent.  Beyond  one  per  cent  shorten¬ 
ing,  loaf  volume  was  affected  only  slightly.  Essentially  the  same  behavior 
was  observed  with  ADY  and  CY. 

Non-fat  Milk  Solids.— Proof  time  remains  unchanged  from  nil  to  six 
per  cent  non-fat  dry  milk  solids  in  the  representative  sponge  tested  by 
Merritt  ( 1950).  Wdth  higher  amounts  of  milk  solids,  proof  time  increased 
eight  per  cent.  Loaf  volume  in  the  absence  of  milk  solids  was  six  per  cent 
below  the  values  found  when  2  to  6  per  cent  milk  solids  were  used.  In¬ 
corporation  of  one  per  cent  lactase,  milk  solids  basis,  to  convert  milk 
sugar  for  yeast  fermentation  in  a  sponge  has  no  effect  on  proof  time  or  loaf 
volume  (Helbert  and  Thorn  1958). 

Malt  Siriip.-Zero  to  one  per  cent  of  a  low  diastatic  sirup  (20°  L. )  used 
in  the  dough  end  of  a  standard  sponge  and  dough  formula  had  no  effect 
on  proof  time  (Merritt  1950);  and  loaf  volume  was  changed  very  little, 
although  it  was  highest  at  one-half  of  one  per  cent  malt. 

Propionate.-Mold  inhibitors  also  slow  down  yeast  action.  The  marked 
lengthening  of  proof  time.  Table  28,  was  similar  for  both  CY  and  ADY;  but 
the  latter  was  affected  less  at  excessive  propionate  levels  of  one-half  per 
cent.  Bread  standards  permit  0.32  per  cent.  Neither  test  resulted  in 
significant  volume  changes  (Merritt  1959). 


^'east 


.\DY 


‘  Per  cent,  sodium  salt. 
*  Relative  values. 


Table  28 

EFFECT  OF  MOLD  INHIBITORS  ON  PROOF 


Propionate* 


0 

0.25 

0.50 

0 

0.25 

0.50 


ProoP 


100 

119 
161 
105 

120 
124 


-I.™  uw 

Inactive  Dried  Yeast  -Nnn.liY.i  i  .•  i  ^  balanced  sweetness, 
cially  for  the  baker’s  use  to  •  veast  must  be  processed  espe- 

principally  to  the  action  of 
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effect  on  gluten,  resulting  in  poor  gas  retention.  Tlie  accompanying 
delects,  described  by  Ziegler  (1956),  are  avoicU'd  by  adetpiate  oxidation 
of  the  heat-killed  yeast  prior  to  drum  drying. 

Growth  of  Yeast  in  Doughs 

Indications  of  yeast  growth,  as  evidenced  by  bud  formation,  were  well- 
founded  in  the  earlier  studies  of  straight  doughs  made  with  compressed 
yeast  (Hoffman  et  ah  1941).  The  commercial  preference  for  sponge  and 
dough  methods,  the  ascendant  development  of  brew  processes,  and  the 
widespread  use  of  active  dry  yeast  has  occasioned  a  re-examination  of 
yeast  growth  by  Thorn  and  Ross  ( 1960). 

Their  comparative  study  established  that  nearly  all  growth  consisted 
of  bud  formation,  most  buds  approached  the  size  of  the  mother  cell  at  the 
end  of  many  dough  fermentations.  The  size  and  number  of  buds  observed 
suggested  their  importance  as  indicators  of  overall  yeast  performance. 


Table  29 

YEAST  GROWTH  IN  SPONGE-DOUGH  AND  BRFW-DOUGh' 


ADY 

Clells 

■2 

Buds 

Cells 

Buds 

Sf)on^e: 

1  nitial 

329 

4 

434 

7 

4  hours 

323 

119 

456 

230 

Dou^h: 

initial 

214 

81 

273 

139 

end  proof 

223 

84 

295 

122 

Hrew^: 

initial 

1130 

25 

1510 

58 

end  4  hours 

1110 

29 

1550 

37 

Dou^h: 

initial 

284 

6 

386 

5 

end  proof 

293 

55 

388 

63 

'  Adapted  in  part  from  Thorn  and  Ross  (1960). 

2  Millions  of  cells  or  buds  per  gram  dough;  averages  of  two  experiments. 
*  Millions  of  cells  or  buds  per  ml. 


Both  yeasts,  active  dry  and  compressed,  increased  35  per  cent  in 
straight  doughs  fermented  3  to  3.5  hours,  but  no  growth  was  found  in 
sweet  doughs  or  Hour-based  brews  after  four  hours.  Greatest  growth, 
about  55  per  cent,  developed  in  sponges,  while  little  change  in  cell  counts 
developed  during  the  dough  stage  and  in  the  brew  stage,  as  the  summary 
in  Table  29  shows.  With  brews  of  different  composition  and  treatment, 
Masselli  ( 1959)  also  observed  that  yeast  activity  was  not  enhanced  in  the 
3  to  4  hours  brew  stage. 

Budding  was  unaffected  by  the  absence  of  air  during  mixing  of  experi¬ 
mental  sponges  or  straight  doughs  (Thorn  1959).  In  synthetic  sponges 
prepared  with  flour  fractions  according  to  Bechtel  and  Meisner  (1954) 
yeast  growth  was  dependent  upon  the  tailings  (mostly  mechanically- 
damaged  starch)  and  was  stimulated  by  the  water-soluble  fraction. 


YEAST 


57 


YKAST  GROWTH  IN  SYNTHETIC  SPONGES 


Buds  at  4  Hours,  Per  cent 

Flour  Fraction 

ADY 

CY 

Gluten 

Gluten 

-1-  starch  -f  tailings 

-|-  starch  -j-  tailinc^s  -t-  solulilcs 

44 

58 

40 

49 

Flavor 

Bread  flavor  is  derived  from  the  components  of  the  formula,  the  by¬ 
products  of  microlnal  action,  and  thermal  effeets  of  baking.  In  white 
bread  the  complex  interactions  result  in  a  bland  flavored  product  received 
with  variable  consumer  preference  and  acceptance.  The  characterization 
of  good  bread  flavor  is  difficult,  but  its  judgment  by  a  selected,  discrimi¬ 
nating  panel  is  accomplished  with  reasonable  suceess.  Nevertheless, 
while  research  is  slow  it  has  been  established  that  bread  flavor  is  depend¬ 
ent  to  the  greatest  extent  on  fermentation  and  the  baking  process  ( Baker 
et  al.  1953,  Wiseblatt  1957,  1959,  Chen  1954).  The  components  of  the 
formula,  except  for  sugar,  salt  and  mold  inhibitor,  normally  contribute 
relatively  little  to  the  flavor  of  white  bread  sold  today. 

Bread  flavor  research  is  still  in  the  analytical  stage— determining  the 
identity  and  content  of  compounds  separated  from  oven  condensate,  bread 
crumb,  bread  crust  and  fermented  solutions,  and  attempting  to  ascertain 
their  origin.  As  yet  no  one  has  successfully  achieved  a  recombination  of 
purified  fractions  or  chemicals  to  produce  fresh  bread  flavor  synthetically. 
Compounds  detected  repeatedly  and  their  probable  origin  are  tabulated 
below.  The  list  could  be  extended  considerably  to  include  a  host  of  trace 


SOME  FLAVORANTS  FOUND  IN  WHITE  BREAD' 

Volatile 


Ethyl  alcohol^ 

Acetaldehyde* 

Crotonaldehyde* 

Pyruvaldehyde* 

Acetoin* 

Acetone* 


Furfural* 

Acetic  acid* 
Caproaldehyde 
Pyruvic  acid' 
Diacetvl* 

Dihydroxyacetone' 


2  oven  vapor  condensate  and  steam  distillates  of  fresh  bread. 
2  Products  of  microbial  metabolism. 

*  Believed  formed  during  baking. 


Non-volatile 

Ethyl  lactate* 
Ethyl  succinate* 
Succinic  acid* 
Lactic  acid* 
Levulinic  acid* 
Melanoidins* 


compounds  arrested  in  their  transformation  in  the  oven,  but  their  role  in 
the  flavor  profile  would  be  most  difficult  to  assess 

The  aromatic  characteristics  of  a  few  flavorants  identified  with  bread 
fl  Ivor  components  are  listed  at  the  top  of  page  58. 

quantitative  data  on  the  compounds  identified 
l  aker  (19.57)  attributed  the  odor  of  fresh  bread  to  diacetyl  (the  oxidaLu' 

acetom),  ethyl  alcohol,  pyruvaldehyde,  acetaldehyde,  fur- 
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Compound 

Aroma 

Acetoin 

Butterv 

Furfural 

Bread  toast 

Pvruvaldehvdc 

Burnt  toast 

Ethyl  lactate 

Rum- like 

Ethyl  succinate 

Weakly  pleasiu" 

fural,  iso-alclehycles,  acetic  acid  and  traces  of  esters;  tliese  were  ranked  in 
their  likely  order  of  importance.  Acetoin  or  acetyl  methyl  carbinol,  a 
fermentation  product,  fluctuates  with  the  kind  of  dough  process:  little 
occurs  in  straight  doughs,  but  substantial  increases  were  found  in  bread 
from  sponges  and  brews. 

^^hseblatt  and  Kobn  (1960)  used  estimates  of  amounts  of  volatile  com¬ 
pounds  recovered  from  warm,  shredded,  fresh  bread  by  vacuum  pumping 
as  a  basis  for  compounding  a  flavor  for  adding  to  a  bland,  chemically- 
leavened  product.  The  volatiles  tested  failed  to  enhance  flavor  whether 
incorporated  directly  into  the  test  dough  or  added  to  its  slices  by  fumiga¬ 
tion. 

In  contrast  Chen  (1954)  obtained  an  oily  fraction  during  steam  distil¬ 
lation  above  185°F.  of  a  cell-free  broth  separated  from  a  24-hour  bakers’ 
yeast  fermentation  of  a  complete  synthetic  medium.  This  fraction  had 
an  odor  similar  to  that  of  fresh  bread  crumb.  It  contained  principally 
higber  alcohols— iso-amvl,  N-amvl,  secondarv  butvl  and  tetrahvdrofurfurvl 
alcohols.  Incorporation  of  this  fraction  in  a  bland  test  dough  resulted  in 
a  yeasty  flavor  of  relatively  low  intensity. 

Broths  from  four-hour  fermentations  of  complex  media  imparted 
recognizable  bread  flavor  to  a  chemically-leavened  test  loaf  (Matz  ei  al. 
19.58).  The  preferred  flavor  complex,  as  determined  by  panel  judgment, 
was  prepared  by  lyophylization  of  the  centrifuged  broth  obtained  from 
yeast  fermentations  conducted  near  pH  5.4  in  the  presence  of  high 
concentrations  of  sucrose  (.30  per  cent),  compressed  yeast  (15  per  cent) 
and  non-fat  dry  milk  (15  per  cent)  in  0.1  molar  disodium  phosphate. 
Obviously  any  system  providing  ample  yeast,  sugar  and  time,  the  essentials 
of  brisk  fermentation,  will  produce  bread  flavor.  The  key  (question 
remains— how  can  good  bread  flavor  be  achieved  with  desired  intensity 
and  uniformity?  What  biochemical  and  biophysical  modifications  will 
soon  aid  the  baker,  whose  keys  to  good  flavor  and  palatability  are  pre¬ 
scribed  now  by  the  art  as  liberal  yeast,  adequate  salt,  work  dough  cool, 
ripen  correctly  and  bake  well? 

Yeast  substance  itself  has  a  characteristic  odor  and  flavor  which  is 
diluted  beyond  recognition  in  the  remaining  ingredients  of  the  formula. 
Yeast  fat  extracted  on  a  pilot  scale  by  Brasch  ( 1951 )  had  a  strong  yeast- 


YEAST 


59 


like  taste  and  odor.  Crude  fat  additions  of  0.2  per  cent  to  bread  dough 
at  tli(*  remix  fail(*d  to  j^rodiice  a  loaf  diH(M('nt  Iron)  lli('  control  in  llavoi  and 


ai'oma. 

bacterial  cell  matter  accompanyi))g  the  yeast  and  other  dough  compo¬ 
nents,  especially  Hour  and  nonfat  dry  milk,  likewise  is  Havorless  in  doughs. 
Although  large  numbers  of  bacterial  cells  are  found  in  doughs,  their  mass 
is  roughly  only  one-fiftieth  that  of  yeast.  Thus  50  bacteria  equal,  on  the 
average,  the  weight  of  one  yeast  cell.  Bacterial  activity,  however,  seems 
paramount  to  that  of  yeast  for  optimum  flavor  development.  Carlin 
(1958,  1959)  claims  this  commensalism  of  certain  bacteria  and  yeast  is 
essential  to  potent  bread  flavor.  Yeast  free  of  bacteria  produced  white 
bread  consistently  lower  in  flavor  score  than  loaves  made  with  any  of  the 
three  brands  of  compressed  yeast  tested.  In  straight  doughs  Carlin  found 
that  equal  numbers  of  pure  lactic  acid  bacteria  of  yeast  origin  and  pure 
yeast  did  not  match  the  white  bread  flavor  achieved  with  regular  com¬ 
mercial  yeast. 


EFFECT  OF  PURE  CULTURES  OF  LACTIC  BACTERIA  ON  BREAD  FL.AVOR^ 


Cultures 

Millions  of  Cells* 

Flavor 

Score* 

Bacteria 

Yeast 

Compressed  yeast 

11 

250 

7.2 

Pure  yeast 

300 

6  0 

Pure  yeast  and 

9 

280 

6  8 

lactic  bacteria 

325 

285 

6.5 

'  Adapted  from  Carlin  (1958). 

-  (.oum  per  gram  of  dough. 

^  .Xl  si.x  days. 

One  of  tlie  seventeen  ilifferent  l>acterui  isolatetl  from  yeast  produced 
superior  Irread  flavor  repeatedly  wlien  grown  in  a  separate  brew  for  2-4  to 

1  .  i"",r‘"r' stage,  the  brew  replacing 

aboutbalfofthewater  (Carlin  1959). 

Tbrs  bacterial  culture,  a  member  of  the  genus  Leiwonosfoc,  metabolizes 
sugar  to  carbon  dm.xide,  ethyl  alcohol,  lactic  acid,  acetic  acid  and  glvcerol 
n  the  same  dough  system  lactic  acid  bacteria  of  the  Lactohacilh.s  group' 
i^^so  a  common  associate  of  bakers’  yeast,  improved  bread  flavor  and  od^ 

HoUnson 

f  ,  c  1  ’■’'■sf  Havored  bread  when  their  veast  brews 

we.  e  fortified  with  lactobacilli,  especially  LuctobacilU.s  hnigarics  strain 
(W.  I  Ins  type  o  bacteria  ferments  sugar  solelv  to  lactic  Tcid  ^  gro 

ukiwutn  yeast  and  the  Leuconostoc  snecies  Viri-.nm,vr.  • 

r  dn?  ;h;£r“  rr  2:  5  iS 
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FKRMKNTATION  PRODUCTS  OT  BAKliRS’  YKAST  AND  ASSOCIATKD  BACTKRIA' 


Product.s 

Bakers’ 

Yeast 

Leuconostoc 

Bacteria 

Luctubacillus 

Bacteria 

Carbon  dioxide 

47 

21 

0 

Ethyl  alcohol 

48 

23 

0 

Lactic  acid 

trace 

31 

100 

.-Xcetic  acid 

trace 

8 

0 

Succinic  acid 

1 

0 

0 

Glycerol 

3 

9 

0 

Unidentified 

1 

8 

0 

'  Values  are  approximate  per  cent  of  glucose  used. 


( 1874)  pointed  to  the  presence  of  products  other  than  alcohol  and  carbon 
dioxide  in  yeast  fermentation.  When  yeast  action  is  slow,  Pasteur  found 
the  proportion  of  glycerol  and  succinic  acid  to  alcohol  was  higher  than 
with  a  vigorous  fermentation. 

Sources  of  lactic  acid  bacteria  other  than  bakers’  yeast  could  be  Hour 
(Kent-Jones  and  Amos  1957)  and  non-fat  dry  milk. 

Stimulation  of  flavor  development  rate  in  short-time  doughs  has  not 
been  fruitful.  Faucette  and  Chen  (1954)  compared  chemically-leavened 
doughs  containing  yeast  and  dihydroxyacetone,  an  intermediary  product 
in  yeast  fermentation.  Improvement  of  bread  flavor  was  detected,  but 
not  reproducible,  probably  because  the  increase  in  fermentation  rate  was 
relatively  small.  In  the  nomial  dough  fermentation,  the  rate  of  gas  pro¬ 
duction  reaches  a  constant  value  within  a  few  minutes  after  mixing. 

Overstimulation  of  fermentation  by  yeast  and  bacteria  is  detrimental 
to  flavor  as  well  as  crumb  structure.  In  an  overripe  dough,  the  combined 
effects  of  excessive  microbial  action  could  result  in  sour,  soggy  and  yeasty 
bread  ( Swortfiguer  1950;  Carlin  1959 ) . 

The  final  step  in  bread  making,  the  baking,  engenders  flavor  reactions, 
principally  in  the  crust,  essential  to  good  flavor.  The  interaction  of  resid¬ 
ual  sugars  and  nitrogenous  compounds  yield  a  mixture  of  flavorants,  the 
bitter,  brown  products  termed  melanoidins,  and  caramel  polymers.  Mail- 
lard-type  condensations  between  reducing  sugars  and  amino  acids  prob¬ 
ably  predominate.  Baker  (1957)  believes  other  .flavorful  products  oiigi- 
nate  in  the  browning  reaction,  such  as  pyruvaldehyde  from  pyrolytic  sugai 
decomposition,  isoaldehyde  from  amino  acids  and  furfural  from  pentosans. 

Accentuation  of  bread  flavor  quality  by  amino  acid  fortification  of  fer¬ 
menting  sponges  has  produced  unpleasant  effects.  Baker  et  ah  (1953) 
described  the  bread  made  with  added  leucine  as  cheese-like  and  unap¬ 
petizing.  Phenylalanine  supplements  yielded  bread  with  the  odor  of 
pansies.  Similar  effects  were  noted  by  Fortmann  (1959)  upon  heating  a 
simple  system  of  glucose  and  amino  acids  at  130°F.,  a  temperature  much 
lower  than  that  reached  at  the  crust  during  baking.  Bread  baked  at  425 
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to  450°F.  attains  a  crust  temperature  near  3()()°F.,  but  only  about  212°F.  at 
the  interior.  Tlie  intensity  of  browning  and  odor  differences  observed  by 
Fortinann  are  suinmmarized  below: 


ODOR  AND  COLOR  OF  GLUCOSE-AMINO  ACID  SOLUTIONS'-^ 


.Amino  .Acid 

Color 

Odor 

None  (control) 

0  (clear) 

None 

L-proIine 

1 

Buttered  popcorn 

Phenylalanine 

3 

Pansy 

•  L-leucine 

4 

Cheesy 

L-tryptophane 

5  (dark  brown) 

Burnt  sugar 

'From  Fortmann  (1959). 

2  After  heating  for  20  min.  at  130°F.  a  solution  containing  .30  per  cent  glucose  and  0.25  per  cent  amino  acid. 


The  bland,  neutral  flavor  of  bread  is,  of  course,  one  of  its  greatest  at¬ 
tributes,  anchoring  its  reputation  as  the  Staff  of  Life.  And  it  is  reassuring 
to  note  that  in  food  monotony  studies  today,  white  bread  retains  its  pre¬ 
ferred  position,  A  group  of  86  soldiers  under  test  for  35  days  didn’t  get 
“fed-up”  with  white  bread,  regardless  of  the  number  of  repeated  servings 
(Schutz  and  Pilgrim  1958), 


COMMERCIAL  BAKERS’  YEAST 

The  manufacture  of  bakers’  yeast  is  a  singular  example  of  a  micro¬ 
organism  produced  on  a  large  scale  for  distribution  as  living,  resting 
cells  and  used  as  such.  Annual  production  exceeds  100  million  drv 
pounds  of  bakers  yeast  and  over  36  million  pounds  of  inactive  dry  yeast 
(Anon.  1954;  Dunn  1958). 

The  process  begins  in  the  laboratory,  employing  a  selected,  proven 
strain  of  Saccharomijces  cerevisiae.  After  several  successive  pure  cidture 
stages  in  different  nutrient  media  of  increasing  quantity,  the  trade  propa¬ 
gations  are  made  in  huge  fermenters  containing  20  to  30  thousand  gallons 
of  diluted  molasses  maintained  at  86° F.  During  the  course  of  yeast 
powth,  precise  regulation  of  pH,  mineral  additions,  aeration  rates  and 
incremental  feeding  of  dilute,  sterilized  molasses  is  required.  As  the 
strongly  aerobic  conditions  prevail  and  the  sugar,  as  molasses,  is  fed 
properly,  the  yeast  converts  the  greatest  proportion  of  the  nutrients 
supplied  to  cell  components,  thereby  increasing  in  weight  and  number 
of  cells.  Under  optimum  conditions  100  parts  of  hexose  sugar  yields 
56  ,  parts  of  yeast  dry  substance;  or,  1.76  gm.  glucose  would  produce 
.  gm  yeast  c  ry  matter  containing  the  following  approximate  propor- 
tions:  47  carbon,  .3.3  oxygen,  8  nitrogen,  7  hydrogen  and  5  ash. 

.  ynthesis  of  a  pound  of  active  dry  yeast,  for  example,  requires  7(H)  cu 

dei.nnde  H.e  <iuant.ties  of  air  are  large  because  the  o.^gen 

demanded  by  yeast  for  maximal  growth  is  of  very  low  solubility  at  for- 
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iiiGntcition  tGiiipcriiturcs.  Other  prol)lenis  of  ueratioii  encountered  in 
practice  are  discussed  by  Strohin  et  al.  (1959). 

Upon  completion  of  the  propagation,  yeast  is  recovered  and  concen¬ 
trated  to  a  slurry  of  about  18  per  cent  dry  solids  by  centrifugal  methods 
and  dried  on  an  atmospheric  drum  drier  to  produce  inactive  dry  yeast; 
or  the  cream  is  pressed  to  approximately  30  per  cent  solids.  Such  press 
cake  may  be  packaged  as  compressed  yeast  for  the  baker,  processed  with 
starch  for  household  use,  or  extruded  as  cylindrical  segments  for  dehydra¬ 
tion  to  eight  per  cent  moisture,  usuallv  on  a  belt-t\'pe  drier  operated 
below  110°F. 

For  a  more  comprehensive  discussion  of  yeast  manufacture,  two  ex¬ 
cellent  texts  are  recommended:  White  (1954)  and  Pyke  (1958). 

Compressed  Yea.st 

The  principal  market  forms  of  compressed  yeast  are  ‘^/r,  oz.,  V.i  <>/,., 
1  oz.,  and  2  oz.  for  household  use,  1-lb.  and  5-lb.  blocks  for  the  baker 
(Fig.  17).  The  one-pound  block  measures  2.5  X  X  4.5  inches,  aji- 
proximately. 

Though  perishable,  coinj^ressed  yeast  loses  little  fermentation  powi'r 
during  refrigeration  (4()°F. )  for  4  to  5  weeks,  and  it  can  be  stored  in  the 
frozen  state  (— 25°F.)  for  months.  Merritt  (1959)  compared  the  change 
in  proof  time  after  such  storage;  part  of  his  data  obtained  on  straight 
doughs  is  given  below. 


MINUTES  GAINED  IN  PROOF  AND  TOTAL  TIME 


Works 

Stored 

40°F. 

25°F. 

Proof 

Total  I’imc 

Proof 

Total  'Fimr 

2 

1 

6 

3 

6 

4 

2 

19 

5 

22 

6 

7 

44 

7 

15 

12 

13 

118 

3 

10 

19 

31 

233 

4 

17 

In  composition  the  major  brands  of  commercial  yeast  range  from  8  to 
9  per  cent  nitrogen,  1.0  to  1.4  per  cent  phosphorus,  69  to  /I  pei  cent 
moisture,  and  20  to  24  billion  cells  per  wet  gram,  bacterial  content 
varies  considerably,  but  usually  is  less  than  5(X)  million  per  wet  giam,  as 
determined  by  a  differential  plate  count  employing  actidione  or  amidomy- 
cin  (Green  and  Gray  1950;  Taber  and  Vining  1957).  Gompressed  yeast 
has  a  light,  cream-like  color  which  can  b('  miTisured  ri'Hectometricalb’. 
Upfin  extended  storage,  surfaee  mold  growth  may  appi'ai. 

4'he  uniformity  of  compres.sed  yeast  piM-formance  is  illustrated  in  the 
following  summary  of  an  annual  accumulation  of  bake  tests  on  samples 
from  four  major  producers. 
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Per  cent  Activity  ?'v. 
Reference  Yeast 


Manufaef  iirer 

Sponp^e 

Straipfht 

Sweet 

A 

126 

136 

84 

B 

129 

145 

91 

C 

128 

144 

93 

D 

127 

140 

90 

Nuiniker  of  samples 

27 

50 

15 

Active  Dry  Yeast 

Deliydration  of  the  cylindrical  segments  obtained  bv  extrusion  is 
accomplished  within  six  hours  on  a  Proctor  and  Schwartz  belt  drier  regu¬ 
lated  in  air  flow,  humidity  and  moderate  temperatures  to  yield  a  light-tan 
“noodle,”  friable  and  of  mild  odor.  Excessive  temperatures  and  holding 
during  drying  may  lead  to  impaired  cell  permeability,  effecting  a  loss 
of  vital  cell  components  upon  subsequent  rehydration  (Peppier  and 


CoMPUEssED  "Leasts  /;,  oz.,  1  oz.,  and  1  lb.  Sizes  Unwrapped 


luickit  Itol;  Ilencia  et  iil  1956).  Tlie  ungroinul  product,  Fig.  LS  is 

t  I  rVoY  'l  ’  V'?  ftee-flowing, 

mck  I  *  •’  or  Fit-,  mill  is 

--  equipped’ to 

DfWk  IK  1  ’  *  packs  of  hbei'  drums  10  to 

d(X)  lb.,  arc  U.sd  generally  in  the  baking  trade  but  n,  ./ 

activity  l„,,.s  „f  seven  ner  cent  n,..-  o  .  .  yea.st 

f '*  4 1  *  1  ^  ^  nioiitli  IS  t^'xpcrionc^'d  in  i 

Ureatlv  nnnrovaa  'dDrir  1,0.  ;  i-  i  ,  m  the  held. 

packing.  Carbon  dioxickMblntTf"  tl'  -"^ 

unsuiUd  to,  this  purpose  (  Amsz  cl  ai  1956). 
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Felsher  et  al.  ( 1955)  stored  vacuum-packed  ADY  at  temperatures  rang¬ 
ing  from  — 20°  to  12()°F.  Their  data,  being  typical  of  nitrogen  and 
vacuum  protection,  revealed  the  greatest  shelf-life  at  the  lowest  tempera¬ 
ture;  they  also  found  that  freezing  temperatures,  or  alternate  freezing 
and  thawing  cycles,  were  harmless  to  baking  quality: 


Storage 

Temperature, 

°F. 

LIsable 

For 

Months 

Storage 

Temperature, 

OF 

Usable 

For 

Months 

40 

24  + 

90 

6 

70 

21 

120 

V4 

Thermostability  and  shelf-life  of  active  dry  yeast  can  be  improved  by 
drying  to  5.5,  4,0  and  2.2  per  cent  moisture  followed  by  vapor  rehydration 
to  eight  per  cent  moisture  before  use,  or  by  incorporation  of  a  lipophilic 
sorbitan  ester  with  yeast  before  dehydration  ( Mitchell  and  Enright  1957, 
1959 ) .  Neither  procedure  has  been  brought  into  commercial  practice. 

Vacuum-packed  cans  containing  4  oz.,  8  oz.,  2  lbs.,  and  25  lbs.  ADY  are 
presently  marketed.  Nitrogen-packed  ADY  is  offered  in  two  types  of 


Fig.  18.  Active  Dry  Yeast,  Unground  (Left)  and  Granular 


packages:  paper-foil-pliofilm  pouches  containing  5  to  42  gm.  yeast,  and 
Hexible  drums  of  1800  to  2700  lbs.  capacity.  Suitable  methods  for  micro¬ 
gas  analysis  have  been  developed  by  Dale  ( 1956A,  1956B ) . 

Shipment  and  storage  of  ADY  without  refrigeration  is  the  common 
practice  because  of  its  low  moisture  content  and  marked  performance 
stability.  However,  paper  thennometers  are  useful  monitors  m 
and  transporting  ADY  at  ambient  temperatures  (  Peppier  and  Dale  195c  ) . 

Field  samples  of  ADY  range  in  nitrogen  content  from  6.2  to  7.3  per  cent 
and  moisture  of  7.4  to  8.5  per  cent,  the  average  differing  for  each  producer 
(4’horu  and  Reed  1959).  Product  destined  for  Federal  ageiicaes  mus 
meet  the  following  specifications  (Anon.  1956):  not  exceed  8.3  per  cent 
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moisture  nor  exceed  a  rop(‘  spore  count  of  200  per  gram.  No  mold  spoil¬ 
age  is  encountered  except  under  extreme  conditions  of  moisture  absorp¬ 
tion.  Aside  from  the  possible  presence  of  rope  spores  ( Bacillus  mesenteri- 
cus  group),  ADY  is  relatively  low  in  associated  bacteria  of  the  lactic 
group,  averaging  below  100  million  per  gram,  determined  on  actidione 
differential  agar  as  cited  above. 

For  optimal  results  a  rehydration  temperature  of  100°  to  115°F.  is 
recommended.  Higher  temperatures  will  inactivate  yeast  enzymes,  while 
lower  temperatures  progressively  increase  the  removal  or  leaching  of 
normal  cellular  constituents  ( Herrera  et  al.  1956;  Sant  and  Peterson  1958; 
Thorn  and  Reed  1959).  One  of  these  compounds,  reduced  glutathione,  is 
responsible  for  the  “proteolytic”  effect  on  gluten.  In  relatively  low  con¬ 
centrations  it  is  beneficial,  shortening  the  mixing  time  of  strong  flours  by 
several  minutes.  Excess  glutathione,  as  released  from  aged  yeast,  over- 
dried  yeast,  or  by  low  temperature  rehydration,  produces  slackening  of 
doughs,  which  is  preventable,  however,  with  increased  yeast  food  usage 
to  achieve  additional  oxidation.  At  40°F.  four  times  as  much  of  the  active 
tripeptide  is  extracted  than  at  110°F.  The  normal  yeast  content  of  gluta¬ 
thione  is  7  to  12  mg.  per  gram;  Schultz  and  Swift  (1955)  claim  the  de¬ 
velopment  of  a  yeast  strain  with  only  one-half  this  content,  and  capable  of 
metabolizing  the  tri-peptide,  thereby  minimizing  its  “proteolytic”  po¬ 
tential.  Subsequent  experience  in  production  control  to  avoid  damage 

during  drying  of  ADY  and  its  storage  has  obviated  such  hybrid  develop¬ 
ment  in  practice. 


Compact  devices  with  provisions  for  tempered  water,  agitation  and 
pressure  discharge  are  available  to  aid  the  baker  in  rehydrating  and  dis¬ 
persing  ADY.  Automatic  units  metering  pre-selected  quantities  of  warm 
water,  ADY,  yeast  food  and  enrichment  tablets  are  being  field  tested 

They  handle  from  10  to  20  lbs,  ADY  dispersed  in  water  at  optimnm 
temperature. 


Inactive  Dry  Yeast 

Inactive  dry  yeast  is  of  three  types,  but  all  are  heat-killed  products 

Inornate.  When  bakers’  yeast  is  used  to  make  this  product  it  is  desiLate 
rimary  dried  yeast  (Anon.  1955),  as  distinguished  from  processed 
Ijewers  yeast,  which  is  also  classified  with  priL.rv  grown  yerin  the 

third'  f “  Dried  Yeast  (  Sacclwwmijces  cerevisiae)  ”  The 
third  type  of  inactive  dry  veast  is  listed  in  the  U  S  Vh^  '  •  ^ 

“Dried  Torula  Yeast  (C«,i</,V/„  „„7/D  ’  1r  '  as 

restricted  by  breail  stamlards  (Aiilin 
resulted  in  enhanced  Havor  (|ualities  “  ’ 
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Fig.  19.  In.\ctive  Ye.\.st:  Dried  Ye.\st,  U.S.P.  (Left)  .a.nd  Dried  Torul.\ 

Yeast,  U.S.P. 


All  three  products  bear  identical  U.S.P.  specifications  with  respect  to 
protein,  moisture,  ash,  vitamin,  bacteria  and  mold  content.  Two  types  of 
inactive  drv  veast  powder  are  shown  in  Fig.  19.  The  usual  screen  analysis 
of  such  powders  produced  with  the  Fitz  mill  is  as  follows:  70  per  cent 
through  120  mesh,  15  per  cent  on  120  mesh,  9  per  cent  on  80  mesh,  the 
remainder  on  60  mesh. 


Performance  Tests 

A  variety  of  methods  can  be  used  in  quality  control  to  determine  the 
relative  rates  of  carbon  dio.xide  formation  of  fresh  bakers  yeast.  But 
none  achieves  the  reliability  and  versatility  afforded  by  standaid  baking 
tests,  for  only  they  truly  measure  the  changes  in  yeast  stability.  The 
degree  of  change,  reflected  in  the  production  of  gas  and  its  letention, 
can  be  judged  with  reference  to  the  performance  of  a  standard  yeast 
tested  simultaneously.  A  reference  yeast  such  as  active  drv^  yeast,  vac¬ 
uum-packed  and  refrigerated,  retains  its  activity  undiminished  for  moie 
than  one  year,  allowing  advantageous  comparisons  of  daily  data  and  long 
range  trends. 

Dough  Methods 

Proven  basic  formulas  suitable  for  laboratory  baking  tests  on  all  yeasts 
are  compiled  in  Table  30.  Methods  in  common  practice  among  bakcus 
are  employed  in  the  preparation,  handling  and  observation  of  the  doughs. 
A  typical  bake  laboratory  is  maintained  uniformly  at  82° F.  and  a  relative 
humidity  of  35+  per  cent.  Straight  doughs  may  be  fermented  m  glass 
cylindrical  jars  (5  in.  X  7  in.)  capped  loosely  with  a  metal  cover  fitted 
with  a  gauge  calibrated  to  mark  the  desired  volume  to  be  reached  by  the 
expanding  dough.  After  three  rises,  it  passes  through  a  loaf  molder  and 
i.s  pan-proofed  to  the  prescribed  height  in  a  cabinet  controlled  at  95  to 
96°  F.  and  a  relative  humidity  of  90  per  cent. 
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Table  30 

REPRESENTATIVE  DOUGH  FORMULAS  FOR  TESTING  YEAST  ACTIVITY 


Ingredients* 


Straight  Sponge*  and  Dough* 


Flour:  Northwest  spring  400 

Southwest  winter 
Pastry 

Water:  with  CV  or  280 

with  ADV  280 

Yeast:  CY  or  8 

ADY  2 . 7 

3’east  Food :  C3'  or 
ADY 

Salt  8 

Sugar  1 6 

Nonfat  milk  solids  1 6 

Shortening  1 2 

Eggs,  whole,  fresh 


Conditions 

Mixing;  minutes;  low  + 


high,  CY  or  f)  5  +  3  5 

0  5  +  3.5 

Temperature  out,  °F\  80 

Temperature  back,  °F. 

Fermentation  time,  hrs.  3  rises  to 

P,  .  1,000  ml 

Moor  time,  min. 

Bench  time,  min. 

Baking  temp.,  °F.  425 

Baking  time,  min.  25 


*  Values  in  italics  are  for  sweet  dough  formula. 


800 

1010 

400 

240 

800 

400 

320 

1000 

685 

600 

80 

1060 

685 

600 

135 

54 

96 

21 .6 

38. -1 

9 

8  0 

12 

8.0 

48 

24 

96 

320 

96 

64 

72 

240 

240 

2  +  3 

2  +  3 

2  +  6  1  +  7 

2  +  3 

2  +  3 

2+5  1+1 

78  to  80 

80 

80  80 

90 

88 

4 

3.5 

20 

nunc 

18 

20 

410 

375 

25 

25 

This  typical  laboratory  will  also  be  suitable  for  sponge-dough  tests: 
the  sponge  fennentation,  floor  time  and  intermediate  proof  conducted  at 
and  pan-proof  in  the  cabinet  at  95° F, 

l  east  strength  c^n  be  expressed  in  terms  of  the  reference  veast  perform- 
.  ICC.  For  stra.gh  doughs  the  activity  may  be  determined  from  the 

Total  Time  (reference) 

Total  Tin^Ysan+lTT  ^  ‘^®"*  ‘Activity 

^"unlrcrTv"  ■'^P*>"S‘-t'ongh  proof  times. 

-e  lacking/UrfiSrX'laTjln 

the  baking  test  data  of  tFo  J  straight  dough  procedure,  anchored  to 
can  be  calculated  from  the  first  rise  of  the  tesr  ...  i  ^  ^ 

metrrwItaroSrheld'^fse^^’S^^ 

to  correlate  very  well  with  baking 'iicth-trof  stmiglft'cSigl"  (ThorlrmS 
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Reed  1959).  The  modification  involved  changes  in  the  recommended 
dough  composition  of  flour,  water  and  yeast  (Swanson  1957)  to  provide 
tlie  same  concentration  of  yeast,  sugar  and  salt  as  used  in  the  straight 
dough.  Typical  results  for  two  test  conditions  appear  below  (Thorn  1959). 


Proof  Tiine^ 

Total  Time' 

Yeast 

Found- 

Fsti  mated* 

Found* 

Estimated* 

Compressed 
.Active  dry 

49 

62 

51 

61 

171 

210 

168 

210 

1  In  minutes. 

2  Actual  straight  dough  test. 

*  From  gas  pressure-time  curves. 


A  new  method  proposed  by  Burrows  and  Harrison  (1959)  measures 
gas  evolution  from  a  small  volume  of  thin  dough  suspended  in  fermenta¬ 
tion  bottles  held  at  constant  temperature.  Although  precision  greater 
than  that  of  the  baking  test  is  claimed,  their  “fermentometer  method  is 
more  complex  in  its  material  and  apparatus  requirements  than  the  banO- 

stedt-Blish  pressuremeter.  , 

Several  instruments  of  novel  and  often  complex  design  have  appearea 
chiefly  in  Europe,  for  gasometric  measurements  on  fermenting  dong  is  anc 
their  recorditig.  Kent-Jones  and  Amos  ( 19.57)  have  described  the  follow¬ 
ing  in  moderate  detail:  Chefaro  Balance,  a  Dutch  device 
matically  weighs  and  records  gas  production  and  retention;  C  m  ^ 
7wmifaclieeranh,  a  completely  automatic  system  recording  gas  loimu 
and  leaping  frmn  doughs  every  2.5  min.  at  90.6°F.;  Fer,ne,„o,rapk 
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( Brahender ) ,  places  tlic  dougli  in  a  balloon  attached  to  a  connter-balanc(‘ 
weight;  Voltiinrlo^rdph,  an  ordinary  gasometer  with  a  recording  ])en 
coupled  to  a  water-sealed  hell  which  rises  as  the  dough  ferments. 


Sugar  Solutions 

Yeast  activity  in  chemically-defined  sugar  media  is  determined  either  in 
a  fermentometer  (Schultz  et  al.  1942,  Atkin  et  al.  1945)  or  a  microrespi¬ 
rometer  of  the  Warburg  type.  These  systems,  while  useful  for  compara- 
tiv'e  studies  of  yeast  biochemistry,  are  limited  in  their  application  to 
problems  faced  by  the  yeast  testing  laboratory.  In  the  evaluation  of 
active  dry  yeast,  for  example,  liquid  systems  yield  results  which  usually 
correlate  poorly  with  the  data  on  the  same  sample  tested  in  doughs. 


Special  Tests 

Active  dry  yeast  destined  for  certain  Federal  agencies  must  comply  with 
prescribed  specifications  based  on  a  modified  straight  dough  baking  pro¬ 
cedure  (Anon.  1956).  The  test  is  made  on  the  active  dry  yeast  sample 
and  the  standard  active  dry  yeast  supplied,  after  both  are  exposed  to 
115°F.  for  96  hours.  The  time  required  for  the  standard  yeast  to  reach 
1400  ml.  at  86°F.  is  the  time  at  which  all  test  samples  are  removed  for 
further  processing.  This  single  rise  is  followed  by  a  rest  period  of  15 
minutes  at  86°F.,  molding  and  pan-proofing  at  96°F.  All  doughs  are 
allowed  to  proof  for  the  same  time  established  by  the  standard  yeast  to 
attain  the  prescribed  height  in  the  pan.  After  baking  the  test  yeast  and 
the  standard  yeast  loaves  for  exactly  the  same  length  of  time  at  450°F., 
the-  loaf  volume,  detennined  after  one  hour  of  cooling,  is  the  principal 
criterion  of  yeast  quality.  The  sample  of  yeast  meets  specifications  if  it 
attains  a  bread  loaf  volume  which  is  not  less  than  92  per  cent  of  that 
produced  by  the  standard  active  dry  yeast  in  parallel  test. 

Adequate  oxidation  of  inactive  dry  yeast  intended  for  the  bakers’  use  is 
readily  determined  chemically;  however,  a  laboratory  bake  test  is  often 
made  for  assurance.  For  this  the  straight  dough  method  is  a  convenience 
or  most  bake  laboratories.  Doughs  prepared  vvitli  as  much  as  five  ner 
cent  specially-treated  inactive  dry  yeast  are  compared  with  an  unsupple¬ 
mented  control  worked  m  the  normal  manner.  When  the  volume  of  the 
loaf  containing  inactive  dry  yeast  is  within  100  ml.  of  the  control  the  test 
sample  IS  considered  free  of  reducing  substances  effecting  slackness  hi 
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CHAPTER  3 


John  A.  Maselli 


Water 


GENERAL  DESCRIPTION 


\Vater  is  a  chemical  compound  resulting  from  the  combination  of  two 
atoms  of  hydrogen  and  one  atom  of  oxygen  and  is  thus  expressed 
chemically  as  H^O.  In  its  pure  form,  water  is  a  tasteless,  odorless,  and 
colorless  liquid.  However,  because  water  has  such  excellent  dissolving 
properties  and  since  practically  all  substances  are  water  soluble  to  some 
degree,  it  is  almost  never  found  in  nature  as  a  pure  substance.  Water 
always  tends  to  carry  gases  and  inorganic  and  organic  substances  with  it, 
in  finely  divided  suspensions,  or  in  solution.  These  suspended  and  dis¬ 
solved  materials  are  of  importance  to  bakers  because  of  their  effects  on 
doughs  and  on  processing  equipment  ( steam  boilers,  water  jackets,  etc. ) . 

Our  primary  water  reservoirs  are  our  oceans,  from  whence  most  of  our 
water  originates  and  to  which  most  of  it  returns.  This  cycling  process  is 
not  unlike  a  huge  distilling  apparatus.  Water  from  our  oceans,  when 
heated  at  the  surface  of  the  oceans  by  the  sun,  is  converted  to  water 
vapor.  Since  it  is  less  dense  than  liquid  water,  the  vapor  rises  from  the 
oceans,  through  the  atmosphere,  and  eventually  accumulates  in  clouds. 
When  the  clouds  are  cooled  by  contact  with  cold  air  currents,  the  result 
is  condensation  from  the  less  dense  vapor  to  the  denser  rain  or  snow. 


From  the  time  that  condensation  of  the  chemically  pure  water  vapor 
occurs,  until  the  time  that  the  water  reaches  our  water  treatment  equip¬ 
ment,  the  water  is  becoming  more  and  more  contaminated  with  gases, 
and  suspended  or  dissolved  inorganic  and  organic  materials.  The  cycling 
process  of  water  distilled  from  the  ocean,  the  intermediate  contamination, 
and  the  redistillation  from  the  ocean  is  shown  in  Fig.  21  (Powell  1954). 

The  type  and  extent  of  the  contamination  of  condensed  water  vapor 
depends  on  the  purity  of  the  air  through  which  the  rain  or  snow  falls  and 
the  composition  of  the  earth  over  which  the  surface  waters  run,  or 
through  which  the  underground  waters  travel.  Rain  water  collected  in 
rural  districts  is  relatively  free  of  contaminants.  On  the  other  hand  rain 
water  collected  in  large  industrial  areas  is  more  likely  to  contain  a  greater 
amount  of  contaminants  from  the  atmosphere  (  Fig.  22 ) 

After  the  rain  water  hits  the  ground,  it  comes  into  further  contact  with 
minerals  and  metals  in  the  earth  and  continues  to  dissolve  these  substances. 


.loHN  A.  Maselli  is  with  Tlie  Fleiscliniann  Laboratories  of  Standard  Brands,  Inc. 
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CLOUDS  CARRIED  OVER  LAND 
BY  WINDS  - - ^ 


Fig.  21.  Di.\ghammatic  Representation  oe  the  Contamination  and 
Re-purification  of  a  Naturae  W'.ater  Suppey 


The  solvent  action  of  the  water  is  increased  by  the  presence  of  dissolved 
gases,  of  which  the  most  important  are  carbon  dioxide  and  oxygen.  Car¬ 
bonic  acid,  resulting  from  the  solution  of  carbon  dioxide  in  water  is  weakly 
acidic  and  tends  to  increase  the  rate  of  solution  of  minerals  and  metals 
found  in  the  earth.  A  further  source  of  contamination,  usually  organic  in 
nature,  results  from  the  discharge  of  sanitary  sewage  and  industrial  waste 
into  the  water  supply.  As  a  result  of  these  conditions,  watei  that  is 
collected  in  springs,  wells,  lakes,  rivers,  etc.,  is  not  a  pure  chemical  com¬ 
pound,  but  is  a  complex  system  containing  many  dissolved  or  suspended 

substances. 


COMMON  WATER  IMPURITIES 

The  common  water  impurities  and  the  means  that  are  used  to  lemove 
them  from  water  are  summarized  in  Table  31  (Powell  1954). 

In  addition  to  the  common  impurities  shown  in  Table  31,  other  mineia 
constituents  which  quite  frequently  occur  in  natural  waters  are  salts  o 
iron,  aluminum,  potassium,  and  lithium  as  well  as  traces  of  the  salts  o 
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Constituent 


TARi.r.  31 

C:()MM()N  IMPlIRiriKS  IN  WAri’R' 


Pi  incipal  Source 

Chemical  of  Contaminating  Treatment  for  Removal 

Formula  Substances  from  Water 


Suspended 

solids 


Surface  drain¬ 
age,  industrial 
wastes 


Silica 

SiOo 

Mineral  deposits 

Calcium  car¬ 

CaCOj 

Mineral  deposits 

bonate 

Calcium  bicar¬ 

Ca[HCO.-,]2 

Mineral  deposits 

bonate 

Calcium  sulfate 

CaS04 

Mineral  deposits 

Calcium  chlo¬ 

CaCl. 

Mineral  deposits 

ride 

Magnesium 

MgCO, 

Mineral  deposits 

carbonate 

Magnesium 

Mg[HC(),I., 

Mineral  deposits 

bicarbonate 

Magnesium 

chloride 

MgCh) 

Mineral  deposits 

Free  acids 

HCl,  H,.S04 

Mine  drainage. 

Sodium  chloride 

industrial 

wastes 

NaCl 

Sewage,  indus¬ 

trial  wastes, 

• 

mineral  de¬ 

Sodium  car¬ 
bonate 

Na^COs 

posits 

Mineral  deposits 

Sodium  bicar¬ 
bonate 

NaHCCa 

Mineral  deposits 

Carbonic  acid 

H.CO3 

Absorption  from 

the  atmos- 

Plain  subsidence,  coagulation, 
filtration,  evaporation 

Plain  subsidence,  coagulation, 
filtration,  evaporation 

Softening  by  chemicals,  ion- 
exchange  materials,  evapo¬ 
rators 

Softening  by  heaters,  chemi¬ 
cals,  ion-exchange  materials, 
evaporators 

Softening  by  chemicals,  ion- 
exchange  materials,  evapo¬ 
rators 

Softening  by  chemicals,  ion- 
exchange  materials,  evapo¬ 
rators 

Softening  by  chemicals,  ion- 
exchange  materials,  evapo¬ 
rators 

Softening  by  chemicals,  ion- 
exchange  materials,  evapo¬ 
rators 

Softening  by  chemicals,  ion- 
exchange  materials,  evapo¬ 
rators 

Neutralizing,  followed  at  times 
by  softening  or  evaporation 

Evaporation  and  demineral¬ 
ization  by  ion-exchange  ma¬ 
terials 

Evaporation  and  demineral¬ 
ization  by  ion-exchange  ma¬ 
terials 

Evaporation  and  demineral¬ 
ization  by  ion-exchange  ma¬ 
terials 
De-aeration 


<^xygen  f). 


Grease  and  oil 

Organic  matter 
and  sewage 


phere,  mineral 
deposits,  de¬ 
composition 
of  organic 
matter 

Absorption  from 
the  atmos¬ 
phere 

Industrial 

wastes 

Domestic  and 
industrial 
wastes 


De-aeration 


Coagulation,  filtration,  evapo¬ 
ration 

Coagulation,  filtration,  evapo¬ 
ration 
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TONS  OF  SOLIDS  DEPOSITING 
PER  SQUARE  MILE 


By  permission  from 


“Water  Conditioning  for  Industry”  by  S.  T.  Pmoell. 
Copyright  1954,  McGraw-Hill  Book  Company,  Inc. 


Fig.  22.  Solids  \V.\shed  fhom  the  Atmosphere  in  Urban 
Areas  (  Dashed  Lines)  and  Suburban  Areas  (Soi.id  Lines) 


ammonia,  antimony,  arsenic,  liarinm,  lioron,  liromine,  cesmm,  chlorine, 
cobalt,  copper,  Hnorine,  iodine,  lead,  rnbidinm,  strontium  and  zinc 

(  brookt*  1939A). 


'Table  32 

CLASSI  riON  OK  WATER  HARDNESS* 

Hardness 


Classification 


0  to  15  p.p.m. 

1 5  to  50  p.p.m. 

50  to  100  p.p.m. 

100  to  200  p.p.m. 
Greater  than  200  p.p.m. 


Very  soft  water 
Soft  water 
Medium  hard  water 
Hard  water 
Very  hard  water 


■  Betz  and  Betz  (1945). 

MINERAL  CONTAMINANTS 

Water  is  generally  classified  as  hard  or  soft,  acid  or  alkaline,  depending 
on  the  substances  dissolved  in  it.  The  hardness  of  the  watei  is  cue 
primarily  to  the  presence  of  iron,  aluminum,  mineral  or  organic  acids,  anc 
some  other  metals.  All  of  these  substances  are  considered  to  harden 
water  as  indicated  by  their  soap  lather  destructive  properties. 

The  degree  of  hardness  in  water  is  measured  by  adding  smal  cpian- 
titles  of  a  soap  solution  of  stanclarcl  strength  to  a  water  sample  wit  i 
vigorous  shaking  after  each  addition,  all  done  under  controlled  conditions, 
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Natural  water  has  thus  been  classified  into  degrees  of  hardness  as  shown 
in  Table  32  (Betz  and  Betz  1945). 

The  concentrations  expressed  in  Table  32  are  as  parts  per  million  of 
calcium  carbonate  equivalent  to  all  the  calcium,  magnesium,  and  other 
constituents  that  contribute  to  hardness. 

Permanent  hardness  means  all  hardness  except  that  contributed  by  car¬ 
bonates  and  bicarbonates.  Carbonate  hardness  (formerly  known  as  tem¬ 
porary  hardness )  is  caused  by  the  carbonates  and  bicarbonates  of  calcium 
and  magnesium.  Carbonate  hardness  can  be  overcome  by  heating,  with 
breakdown  of  the  soluble  calcium  and  magnesium  bicarbonates  to  the 
insoluble  carbonate  salts  which  precipitate  from  solution  and  no  longer 
contribute  to  hardness. 

The  amount  of  hardness  that  is  present  in  natural  water  varies  widely 
throughout  the  world  and  obviously  depends  on  the  substances  with  which 
the  water  can  come  into  contact.  The  average  degrees  of  hardness  that 
can  be  expected  to  occur  in  the  raw  waters  and  in  the  finished  waters  of 
the  United  States  are  shown  in  the  maps  prepared  by  the  U.  S.  Geological 
Survey  (Figs.  23  and  24). 


The  hardness  of  water  is  not  to  be  confused  with  its  soluble  solids 
content.  The  latter  is  obtained  by  evaporating  a  measured  amount  of 
water  and  determining  the  weight  of  the  residue.  Sodium  salts  are  a 


caused  by  dissolved  acids  hii 
that  bakers  use. 


.  "  '  lUKcn,  acidic  water 

IS  an  influence  on  tlie  choice  of  bread  formulas 
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■  Location  of  cities 
less  than  61 

61  to  120 
m  121  to  180 

more  than  180 

Hardness,  in  parts  per  million 


Courtesii  of  U.  S.  Geological  Stirveti 


Fig  23  Map  Showing  Weighted  Avehage  Hapdness,  hy  States,  of  Raw  Water 
Public  Supplies  for  1,315  of  the  Larger  Cities  in  the  United  States 

ITnoilvTf'  IQ.'=;0 


■  Location  of  cities 
less  than  61 
61  to  120 
121  to  180 
more  than  180 


Hardness,  in  parts  per  million 


Courtesy  of  U.  S.  Geolofiical  Survey 


Fig.  24.  Map  Showing 
Water  for  Public  Suppi 


Weighted  Average  Hardness,  by 
,IES  FOR  1,315  OF  THE  LARGEST  CiTIES 

During  1952. 


States,  of  Iinishkd 
IN  THE  United  States 
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ORGANIC  IMPURITIES 

The  organic  impurities  that  are  found  in  water  are  generally  due  to 
local  environmental  conditions  and  are  not  as  specific  in  types  and 
amounts  as  are  the  metals,  mineral  salts,  and  gases.  Organic  contaminants 
can  consist  of  many  substances  such  as  sewage,  industrial  waste  products, 
algae,  grease  and  oil,  etc.  Most  of  these  substances  are  removed  from 
water  by  settling  or  by  coagulation  and  filtration. 

Organic  substances  have  a  tendency  to  contribute  off-flavors  and  off- 
odors  to  water;  however  the  treatment  of  water  by  municipal  plants 
usually  effectively  removes  organic  contaminants  from  the  water  supply. 
It  may  generally  be  taken  for  granted  that  municipally  treated  water  is 
safe  from  a  bacteriological  standpoint  and  free  from  offensive  flavor  and 
odor. 


WATER  ADDITIVES 

Two  substances  that  are  most  commonly  added  to  water  are  chlorine 
and  fluorine  salts. 

Chlorination  of  water  is  generally  accomplistied  by  the  addition  of 
chlorine  gas.  Its  main  function  is  to  control  algae  and  bacteria  in  water 
used  for  drinking  and  in  foods  and  for  most  industrial  purposes.  The 
efficient  perfonnance  of  water-purification  equipment,  such  as  flocculators, 
precipitators,  filters,  softeners,  and  aerators  requires  that  the  water  be  free 
of  shme-forming  bacteria,  corrosive  anaerobic  bacteria,  and  gas-fonning 
bacteria.  Chlorination,  in  addition  to  helping  to  render  water  potable 
effectively  eliminates  bacteria  that  affect  water-purification  equipment. 

The  amount  of  chlorine  added  to  water  varies,  depending  on  the 

amounts  of  micro-organisms  that  are  present  in  the  water;  however  the 

amounts  that  are  generally  used  result  in  a  residual  concentration  of  about 

( U  p  p.m.  At  this  level,  chlorine  does  not  affect  yeast  fermentations  or 
dough  properties. 

Fluoride  is  added  to  the  water  in  some  municipalities  as  a  tooth  decay 

preventive.  It  ,s  generally  added  as  its  sodium  salt,  in  a  concentration 

of  about  1  p.pan.  Fluoride  at  the  levels  used  in  water  has  not  been  found 
to  have  any  effect  on  doughs. 

WATER  TREATMENT 
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specifications  necessitate  that  additional  treatment  be  carried  out,  it  can 
usually  be  done  within  the  industrial  plant. 

Bakeries  in  most  large  cities  can  usually  rely  on  the  municipal  water 
supply  to  be  adequate.  There  may  be  certain  fonnula  adjustments, 
procedural  changes,  and  equipment  cleaning  programs  required  for 
specific  types  of  water.  These  changes  or  programs  will  generally  com¬ 
pensate  for  the  distinctive  water  types  in  large  cities.  This  situation  might 
be  less  prevalent  in  smaller  cities  or  in  plants  which  may  be  dependent  on 
private  water  supplies.  Some  types  of  private  water  purification  systems 
may  be  necessary  in  the  latter  case.  Private  water  purification  systems 
are  becoming  more  and  more  common  and  economical;  having  reached 
the  private  home  level  to  a  large  extent. 


The  most  common  water  treatment  methods  and  their  chief  functions 
are  described  briefly  as  follows: 

Settling,  Coagulation,  and  Filtration  for  Removal  of  Suspended  Solids 

Suspended  solids  that  can  be  present  in  natural  waters  include  grease 
and  oil,  organic  matter  and  sewage,  various  other  industrial  wastes,  c  ay, 

and  silica. 

Settling  is  usually  used  as  the  first  step  in  water  tiea  men 
suspended  solids.  Settling  basins  of  either  the  co.itinuous  or 
type  are  generallv  employed  for  this  purimse.  The  efficiency  of  these 
tinks  or  basins  depends  uixin  the  type  and  amount  of  sohds  m  J 

the  particle  si/.e  of  the  solids  and  the  time  ^‘1  ""'ed  h.r  setthuK,  A  t  1  • 

paireil  tank  arrangement,  in  whiel,  one  tank  ,s  hUed  win  e  ih.  othe.  rs 

supplying  clarified  water  is  shown  in  Fig.  25  (Powell  l.)54). 

VVater  is  admitted  into  the  bottom  ot  one  ot  these  tanks  and  a  ^  1^ 

required  settling  time,  it  is  withdrawn  through  a  swing  pipe  at  a  poii 
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just  below  tlie  surface  of  tlie  water.  Settling  in  tanks  of  tin’s  type  usnalK’ 
results  in  the  renK)val  of  30  to  90  p(’r  C('nt  of  the  susj)('n(le(l  solids. 

Since  settling  alone  can  ojiK’  remove  relativ('K’  coarse  materials  within 
reasonable  times  it  is  usually  combined  with  or  followed  by  chemical 
coagulation  for  the  removal  of  more  finely  divided  particles,  particularly 
those  in  the  colloidal  range  of  size.  Colloidal  particles  tend  to  be  ex¬ 
tremely  fine.  For  example,  a  non-colloidal  particle  such  as  would  occur 
in  fine  sand  might  range  in  diameter  from  0.1  to  1  mm.,  while  a  colloidal 
particle  of  clay  may  range  from  0.000001  to  0.0001  mm.  in  diameter. 
These  extremely  fine  particles  tend  to  carry  electrical  charges  of  like  poten¬ 
tial  which  keep  them  in  suspension.  Hence,  for  their  removal  from  water 
the  charges  must  be  dispelled  and  the  fine  particles  must  be  coagulated  or 
agglomerated  into  coarser  materials  so  that  they  can  settle  or  be  filtered 
from  the  water.  The  coagulation  is  usually  accomplished  in  reasonable 
time  periods  by  adding  to  the  water  coagulants,  such  as  aluminum  and 
iron  salts,  ammonia  and  potassium  alum,  chlorinated  copperas  (mixtures 
of  ferric  sulfate  and  ferric  chloride),  sodium  aluminate,  activated  silica, 
bentonite  clays,  processed  starches,  and  miscella^ous  compounds.  These 
coagulants  are  generally  fed  into  coagulating  and  settling  basins  where 
they  are  well  mixed  with  the  water.  The  resulting  coagulation  gives  large 
sponge-like  or  jelly-like  masses  which  contain  the  colloidal  particles  as 
well  as  any  coarser  particles  that  may  have  been  present  in  the  water. 

These  solids  can  be  allowed  to  settle  to  the  bottom  of  the  tank  and  the 
clear  water  can  be  removed  from  the  surface  or  more  commonly,  the 
solids  can  be  filtered  from  the  water. 

Filtration  is  generally  used  to  remove  the  coarse  solids  that  can  be 
naturally  present  in  water  or  that  have  been  accumulated  by  settling  or 
coagulation.  Rapid  sand  filters  are  most  commonlv  used.  In  addition 
diatomaceous  earth  filters,  precoated  plate-type  pressure  filters,  and  an¬ 
thracite  coal  filters  are  in  use  in  many  water-treatment  plants.  Activated 
carbon  filters  are  sometimes  used  to  remove  tastes  and  odors  from  water 

A  tvpical  vertical-type  pressure  hand  filter  is  sho^^•n  in  Fig  ^6  ^fter 

a  definite  amount  of  filtered  solids  has  accumulated  in  the  spaces  heUveen 

the  sand  particles,  it  is  removed  by  pressure  ‘'back-washing”  of  the  filter 
bed  with  filtered  water.  ^ 

Water  Softening  by  Chemicals  and  Ion-Exchange 
to  Remove  Water  Hardeners 

As  mentioned  previously  Ip.  79)  water  hardness  is  caused  prinvirilv 
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often  reinovc'd  to  a  evrtain  extcMit  in  municipal  water  treatment  plants 
es]K'eiall\’  in  areas  in  wlneli  the  cU'^ree  of  water  hardness  may  he  high. 
Since  water  hardeners  are  solnhle,  they  are  not  removed  to  any  significant 
extent  bv  the  methods  previously  described  (settling,  coagulation,  or 
filtration)  but  they  can  be  removed  by  the  use  of  chemicals  (lime-soda 
softening)  or  by  ion-exehange  (zeolite  softening). 


Raw  water  inlet 


Butterfly  Valve 


anhole 
Inlet  baffle 


Filtered 

water 

outlet 


Single 
multiport  valve 

Backwash  waste  line- 
Rinse  waste  line - 


■ - Fine  sand 

— Coarse  sand 
Graded  gravel 


Deflector  plate 


Weir 

Drain 


Permutit  Vertical  Pressure  Filter 
(Multiport  Valve  Control) 

Type  F 

Courtesu  of  The  Fermutit  Comparu, 

Fig.  26.  Vertical  Filter  Showing  Arrangement  oe  Filter  Medium 

Tlie  lime-soda  softening  process  can  be  done  liy  the  cold-process  oi 
the  “hot-process.”  The  hot-process  treatment  is  more  effective  since  i 
extends  tlie  principles  and  reactions  of  cold-process  softening  to  iigrei 
temperatures  which  pennit  much  greater  hardness  reduction  and  siniii - 
taneonslv  result  in  deaeration,  flashing  off  of  dissolved  carhon  dioxide,  aiu 
removal 'of  carbonate  hardness  without  the  rise  of  chemicals  (by  convei- 
sion  of  soluble  calcinin  bicarbonate  to  insoluble  calcium  carbonate  wine  i 
can  he  filtered  from  the  water).  The  chemical  treatments  used  m  both 
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the  cold  and  hot  water  processes  are  basically  the  same  and  involve 
treatment  with  hvdrated  lime  (calcium  hydroxide  or  Ca(OH)2)  followed 
bv  treatment  with  soda  (sodium  carbonate  or  NaoCO^). 

Some  of  the  materials  ordinarily  present  in  hard  water  may  not  be 
contribntorv  to  the  hardness  of  the  water,  but  they  nevertheless  will  react 
with  the  lime.  These  substances  include  carbon  dioxide  and  sodium 
bicarbonate  as  shown  in  the  equations  below.  In  order  to  simplify  the 
presentation  of  the  reactions  that  occur  during  the  chemical  treatment  of 
water,  the  equations  are  given  below  in  sequence.  However,  it  should 
be  kept  in  mind  that  the  actual  chemical  conversions  take  place 
simultaneouslv. 

In  the  cold  process,  the  addition  of  lime  to  the  water  causes  a  reaction 
with  dissolved  carbon  dioxide  according  to  the  following  chemical 
equation: 

Equation  1 

2CO2  +  Ca(OH)2  Ca(HC03)2 

Carbon  dioxide  Calcium  hydroxide  Calcium 

(hydrated  lime)  bicarbonate 

This  first  reaction  produces  calcium  bicarbonate,  thus  adding  to  the 
carbonate  hardness  of  the  water. 

The  leaction  shown  in  equation  1  docs  not  occur  in  the  hot-process 

since  as  mentioned  above,  dissolved  carbon  dioxide  flashes  off  when  the 
heat  is  applied. 

The  next  reaction  that  occurs  with  lime  treatment  is  the  conversion  of 

the  soluble  calcium  bicarbonate  to  the  insoluble  carbonate  salt  as  shown 
below: 


Equation  2 

Ca(HC03)2  T  Ca(OH)2 
Calcium  Calcium  hydroxide 

bicarbonate  (hydrated  lime) 


2CaC03  +  2H2O 
Calcium  Water 
Carbonate 
(insoluble) 


soit:rnrs‘r;:i:™  o.. 
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Equation  3 

Mg(HC03)2  +  Ca(OH)2  MgCOa  +  CaCOs  +  2H2O 

Magnesium  Calcium  hydroxide  Magnesium  Calcium  Water 

liicarbonate  (hydrated  lime)  carbonate  carbonate 

(soluble)  (insoluble) 

Equation  4 

2NaHC03  +  Ca(OH)2  —  Na2C03  +  CaC03  +  2H2O 

Sodium  Calcium  hydroxide  Sodium  Calcium  Water 

bicarbonate  (hydrated  lime)  carbonate  carbonate 

(soluble)  (insoluble) 

Since  the  magnesium  carbonate  is  soluble,  the  additional  lime  that  is  used 
for  the  reaction  in  equation  3  does  not  remove  any  further  hardness.  The 
sodium  bicarbonate  that  may  be  present  does  not  contribute  to  watei 
hardness  hence  the  lime  used  in  its  conversion  to  sodium  carbonate  is  in 
a  sense  “wasted.” 

The  soluble  magnesium  carbonate  fonned  by  the  reaction  shown  in 
equation  3  and  the  soluble  sulfate  and  chloride  of  magnesium  that 
may  be  present  in  the  water  react  with  further  quantities  of  lime  as 
shown  in  the  following  equations: 


Equation  5 

MgC03  -f  Ca(OH)2 
Magnesium  Calcium  hydroxide 

carbonate  (hydrated  lime) 


Mg(OH)2  "b  CaC*03 

Magnesium  Calcium 

hydroxide  carbonate 

(insoluble)  (insoluble) 


Eejuation  6 

MgS04  “h  Ca(OH)2 
Magnesium  Calcium  hydroxide 

sulfate  (hydrated  lime) 


Mg(OH)2  “h  CaS04 

Magnesium  Calcium 

hydroxide  sulfate 

(insoluble)  (soluble  at  the 

concentrations 
found  in 
water) 


Equation  7 

MgCb  4“  Ca((3H)2 

Magnesium  Calcium  hydroxide 

chloride  (hydrated  lime) 


Mg(OH)2  H“  CaCb 
Magnesium  Calcium 

hydroxide  chloride 

(insoluble) 


The  insoluble  calcium  carlionate  and  magnesium 
produced  in  the  above  reactions  are  removed  from  the 


hydroxide  salts 
water  as  a  sludge 
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])y  settling  or  l)y  filtration.  The  soluble  calcium  sulfate  and  calcium 
chloride  produced  in  equations  6  and  7,  respectively,  as  well  as  the  natu¬ 
rally  occurring  chloride  and  snlfate  of  calcium  contribute  to  watei  bald¬ 
ness.  These  soluble  calcium  salts  can  be  removed  by  the  second  main 
step  of  the  chemical  softening  process;  i.e.,  by  treatment  with  soda.  The 
chemical  reactions  that  occur  are  as  follows: 

Equation  8 

CaS04  -f-  NaoCOg  CaCOg  +  Na2S04 

Calcium  Sodium  Calcium  Sodium 

.sulfate  carbonate  carbonate  sulfate 

(soda)  (insoluble) 

Equation  9 

CaCb  +  NaoCOg  —  CaCOg  +  2NaCl 
Calcium  Sodium  Calcium  Sodium 

chloride  carbonate  carbonate  chloride 

(soda)  (insoluble) 

Thus,  as  shown  in  the  above  equations,  there  are  four  fundamental 
processes  requiring  the  use  of  lime  and  soda  to  remove  the  calcium  and 
magnesium  salts  from  water  to  lower  the  water  hardness.  As  mentioned 
earlier,  for  the  common  municipal  and  industrial  purposes,  the  hardness 
of  water  is  reduced  but  not  usually  completely  eliminated. 

The  second  common  method  of  water  softening,  ion  exchange,  is  based 
on  the  removal  of  calcium  and  magnesium  ions  from  water  by  replace¬ 
ment  with  sodium  or  hydrogen  ions.  The  two  processes  involved  are 
called  sodium  zeolite  softening  and  hydrogen  zeolite  softening. 

In  the  first  process,  the  hard  water  is  passed  through  a  bed  of  sodium 
zeolite  (either  natural  materials  consisting  principally  of  sodium-alu¬ 
minum  silicate  or  synthetic  materials  of  a  carbonaceous  nature).  The 
sodium  zeolite  is  capable  of  replacing  the  calcium  or  magnesium  from 
their  salts  of  bicarbonates,  sulfates,  chlorides,  etc.,  with  sodium.  The 
calcium  or  magnesium  remain  in  the  bed  as  the  zeolite  salts.  The  fundq- 
mental  equations  are  as  follows: 

Equation  10 

NaoZ  -f  CaXo  CaZ  -f-  2NaX 
Sodium  Calcium  Calcium  Sodium 

zeolite  salt  zeolite  salt 

(soluble) 
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Equation  1  1 

Na.//  +  MsX.  ^  Ml?/  +  2NaX 

Socliuni  Magnesium  Magnesium  Sodium 

zeolite  salt  zeolite  salt 

(soluble) 

The  zeolite  bed,  as  is  evident  from  the  above  equations,  has  to  be 
regenerated  before  it  is  completely  converted  to  calcium  and  magnesium 
zeolite  if  it  is  to  continue  to  operate  effectively  as  a  water  softener.  This 
is  accomplished  by  passing  a  strong  sodium  chloride  solution  through 
the  bed.  The  reverse  of  the  reactions  shown  in  equations  10  and  11 
above  take  place;  calcium  and  magnesium  zeolites  are  changed  to  sodium 
zeolite,  and  the  bed  is  regenerated  and  is  again  capable  of  softening 
water. 


NaCI  NaCI.CaCI„M,CI,  C<»CI,M<,CI, 


(b) 

By  permission  from 


(c)  id) 

“Water  Conditioning  for  Industry”  by  S.  T.  Powell. 
Copyright  1954,  McGraw-Hill  Book  Company,  Inc. 


Fig.  27.  Diagrammatic  Sketch  Showing  Changes  in  Zeolite  Bed  During 

Softening  and  Regeneration 


The  sodium  zeolite  process  is  illustrated  in  Fig.  2/  (Powell  1954). 
At  («),  the  calcium  and  magnesium  salts  (the  chloride  salts  are  used  foi 
purposes  of  illustration )  are  converted  to  sodium  chloride  aftei  passage 
through  the  sodium  zeolite.  At  (h)  and  later  at  (c),  the  sodium  is  pro¬ 
gressively  being  replaced  by  calcium  and  magnesium  until  regeneration 
is  necessary.  This  is  shown  at  (d)  where  the  added  sodium  chloiide 
solution  replaces  the  calcium  and  magnesium  which  are  washed  from 
the  bed  as  calcium  and  magnesium  chlorides.  When  the  regeneration 
is  completed,  the  bed  is  substantially  in  the  same  condition  as  at  (a)  and 
is  again  capable  of  water  softening. 

The  same  principle  of  water  softening  applies  with  hydrogen  zeolite 
softening  with  the  exception  that  the  calcium  and  magnesium  ions  pres¬ 
ent  in  hard  water  are  replaced  by  hydrogen  rather  than  sodium  as  shown 
in  the  following  chemical  equations: 
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Equation  12 

H2Z  +  CaX2  CaZ  +  2HX 
Hydrogen  Calcium  Calcium  Acid 

zeolite  salt  zeolite  (soluble) 

Equation  13 

H2Z  +  MgX2  MgZ  +  2HX 

Hydrogen  Magnesium  Magnesium  Acid 

zeolite  salt  zeolite  (soluble) 

With  calcium  and  magnesium  bicarbonates,  the  acid  formed  is  car¬ 
bonic  acid  ( H2CO3 )  which  breaks  up  on  aeration  to  carbon  dioxide  and 
water.  The  carbon  dioxide  is  thus  removed  from  the  water.  In  waters 
containing  other  calcium  and  magnesium  salts,  such  as  sulfates,  chlorides, 
etc.,  the  corresponding  mineral  acids;  sulfuric  acid,  hydrochloric  acid, 
etc.,  are  formed  and  may  require  alkali  neutralization. 

The  hydrogen  zeolite  bed  is  regenerated  by  passing  an  acid  through 
it;  sulfuric  acid  being  commonly  used. 

The  water  treatment  techniques  described  above  are  the  ones  that  are 
in  common  usage.  In  addition,  there  are  several  processes  that  are  em¬ 
ployed  when  the  raw  water  may  have  some  unusual  contaminants  or 
when  water  of  a  high  purity  is  required  for  special  purposes.  These  lat¬ 
ter  conditions  are  less  frequently  met  in  bakeries,  therefore  the  specialized 
treatments  will  not  be  covered  in  this  chapter.  For  a  description  of 
the  further  treatments  as  well  as  for  more  details  on  the  common  water 
treatments  employed,  the  reader  is  referred  to  standard  texts  on  water 
conditioning  such  as  the  Handbook  prepared  by  Betz  and  Betz  (1945) 
and  Powell’s  “Water  Conditioning  for  Industry”  ( 1954 ) . 

Bakers  who  are  interested  in  the  type  and  composition  of  the  water  in 
their  plants  can  obtain  the  services  of  local  government  agencies  or 
consulting  laboratories.  The  common  types  of  tests  that  can  be  used 
to  evaluate  water  are  described  in  a  later  section  of  this  chapter. 


WATER  IN  BAKING 

It  IS  obvious  to  every  baker  that  water  is  an  essential  dough  ingredient, 
t  IS  necessary  to  add  water  to  doughs  to  form  the  gluten  which  is  the 
matrix  of  bread  doughs.  Water  is  also  necessary  in  the  starch  swelling 
process  and  to  bring  the  dough  ingredients  into  intimate  contact  with 
each  other  so  that  the  complex  reactions  of  bread-making  can  take  place 
esides  the  water  that  is  normally  added  to  the  other  dough  ingredi¬ 
ents  small  amounts  are  also  added  along  with  the  veast  flour  inilk 
solids,  etc  none  of  which  are  drx-  in  the  strict  sense',  but’  which 
am  ^^ater  that  will  eventually  become  part  of  the  dough. 
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The  water  that  is  added  to  the  other  ingredients  to  form  a  dough  is 
generally  called  the  absorption  by  bakers  and  in  most  doughs  has  to  be 
carefully  and  rigidly  set  so  as  to  secure  optimum  dough  characteristics 
for  proper  and  easy  handling  as  well  as  for  the  best  quality  bread  ob¬ 
tainable. 

Since  the  amount  of  water  that  is  added  to  bread  doughs  represents  a 
large  proportion  of  the  dough,  the  small  quantities  of  active  ingredients 
that  are  present  in  the  water  supply  can  have  distinct  effects  on  dough 
properties. 

In  general,  water  of  a  medium  hardness  (i.e.,  from  about  .50  to  100 
p.p.m. )  with  a  neutral  or  slightly  acidic  pH  is  preferred  for  baking  uses. 

Excessively  alkaline  waters  can  adversely  affect  dough  fermentation 
by  raising  the  pH  of  the  doughs  to  a  point  above  the  optimum  ( pH  4  to 
5)  at  which  the  yeast  and  flour  enzymes  function.  In  addition  rope  and 
mold  inhibitors  do  not  function  as  well  under  alkaline  conditions.  The 
use  of  acidifying  agents  (acetic  acid,  lactic  acid)  or  acidic  dough  im¬ 
provers  can  be  used  to  overcome  the  effects  of  excessively  alkaline  water. 

Water  that  is  too  soft  can  result  in  sticky  doughs  because  of  the 
absence  of  gluten  tightening  minerals.  However,  this  condition  is 
rarelv  encountered  in  bakeries  because  of  the  widespread  use  of  dough 
improvers  and  yeast  foods  which  supply  the  bulk  of  the  necessary  min¬ 
erals. 

Water  that  is  too  hard  may  retard  fermentation  to  a  certain  extent  by 
toughening  the  gluten.  This  adverse  affect  can  be  corrected  by  modify¬ 
ing  the  water  supply  or  by  increasing  the  yeast  levels  and  decreasing 

dough  improver  levels. 

Each  of  the  generalities  mentioned  above  are  covered  in  moie  detail 
below. 


pH  of  Water 

Although  doughs  have  considerable  buffering  capacity  by  virtue  of 
their  protein  components  ( from  flour,  milk  solids,  etc. )  the  use  of  exces¬ 
sively  alkaline  water  may  require  the  addition  of  acidifying  agents  such 
as  vinegar,  lactic  acid,  or  monocalcium  phosphate  ( found  m  some  dough 

improvers).  i  u  i  i  ^ 

If  the  water  used  is  alkaline  enough  to  raise  the  dough  pH,  a  delete¬ 
rious  effect  on  the  yeast  and  flour  enzymes  might  become  noticeable 
( Haas  1927)  These  enzvmes  function  best  at  dough  pH  s  between  about 
4  to‘.5.  'Eor’example,  Howe  and  Click  (1945)  have  demonstrated  that 
wheat  proteases  (which  help  overcome  dough  buckiness)  liave  p 
optima  of  4.5  or  5.0  depending  on  their  source.  It  has  also  been  reportec 
by  Wayt  (1936)  that  because  of  the  slower  rate  of  enzymatic  reactions  m 
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(U.nghs  made  wiH.  alkali, le  uate,s,  sponge  limes  may  have  to  he  extended 
])y  1  to  T  o  hours.  Tliis  condition  can  ])C  corrected  hy  tlic  addition  ot 

nionocalcinm  phosphate. 

In  addition  to  affecting  enzymatic  reactions,  the  use  of  excessively  alka¬ 
line  water  may  result  in  higher  than  nonnal  requirements  for  oxidizing 
agents,  such  as  potassium  bromate.  fflynka  and  Chanin  ( 1957 )  demon¬ 
strated  that  as  dough  pH’s  are  raised,  the  bromate  requirements  are  in¬ 
creased.  For  example,  they  showed  that  dough  with  an  initial  pH  of 
7.0  required  20  p.p.m.  of  potassium  bromate  for  optimum  loaf  volume, 
whereas  a  dough  with  an  initial  pH  of  5.3  required  only  5  p.p.m.  of 
potassium  bromate  for  optimum  loaf  volume. 

Another  factor  that  should  be  considered  when  alkaline  water  is  used 
in  bakeries  is  its  effect  on  the  usual  mold  or  rope  inhibitors  that  are 
added  to  bread  doughs.  It  is  well  known  that  these  substances;  e.g., 
\’inegar,  monocalcium  phosphate,  sodium  diacetate,  and  sodium  propio¬ 
nate  function  best  under  slightly  acidic  conditions,  particularly  against 
rope.  Water  that  is  excessively  alkaline  can  counteract  the  effect  of  these 
inhibitors  and  increase  the  levels  required  in  doughs.  It  was  pointed 
out  by  Glabe  (1950)  using  data  from  the  Hearings  on  the  Federal 
Standards  of  Identity  for  Bread  that  water  constituents  varied  significantly 
at  different  points  in  the  United  States  with  the  result  that  the  require¬ 
ments  for  mold  and  rope  inhibitors  also  varied.  These  variations  are 
shown  in  Table  33.  Using  Sioux  City  as  an  example  of  an  extreme  case, 
60  lbs.  of  water  per  100  lbs.  of  flour  would  neutralize  25  per  cent  of  the 
pennissible  upper  level  of  vinegar,  or  all  of  the  presently  allowable  limit 
of  the  monocalcium  phosphate.  However,  this  situation  may  not  be  as 
extreme  as  appears  from  these  figures,  since  the  data  are  based  on  adjust¬ 
ment  of  the  pH  of  the  water  alone  and  do  not  take  into  account  the 
buffering  capacity  of  other  dough  ingredients,  such  as  flour  or  milk  solids. 

The  same  data  shown  in  Table  33  also  illustrate  the  extreme  variations 
that  can  occur  in  water  supplies  from  different  cities. 


Table  33 


QUANTITIES  OF  VINEGAR  OR  OF  MONOCALCIUM  PHOSPHATE  REQUIRED  TO  BRING  60  POUNDS 

OF  WATER  TO  pH  OF  5.0 


Source  of  Water 

50  Grain 
Vinegar, 
Ounces 

Monocalcium 

Phosphate, 

Ounces 

Little  Rock,  Arkansas 

0  3 

1.1 

1.8 

Kansas  City,  Missouri 

0  8 

Minneapolis,  Minnesota 

1.4 

Chicago,  Illinois 

2.7 

Sioux  City,  Iowa 

^  .  3 

8.3 

4.6 

5.2 
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Water  Contaminants 

Not  all  of  the  common  mineral  components  of  water  are  believed  to 
have  an  effect  on  doughs  or  on  fermentation.  Thus,  it  was  pointed  out 
by  M.  M.  Brooke  (1939)  that  the  following  materials  in  the  quantities 
and  fonns  found  in  natural  water  have  no  effect  on  fermentation;  copper 
salts,  iron  salts,  aluminum  salts,  tannic  acid,  silicates,  and  phosphates. 
However,  evidences  of  probable  effects  of  the  following  salts  were  found: 
calcium  oxide,  calcium  carbonate,  calcium  sulfate,  magnesium  chloride, 
magnesium  oxide,  and  sodium  bicarbonate.  The  reader  will  note  that 
all  of  the  above  salts,  with  the  exception  of  sodium  bicarbonate,  contain 
calcium  or  magnesium  ions  that  contribute  to  water  hardness. 

The  range  of  concentrations  of  four  of  the  above  salts  in  water  from 
leading  industrial  centers  was  reported  by  C.  L.  Brooke  ( 1939 )  to  be 
as  follows:  calcium  carbonate,  8  to  230  p.p.m.;  calcium  sulfate,  10  to 
300  p.p.m.;  magnesium  chloride,  2  to  100  p.p.m.;  and  sodium  bicar¬ 
bonate,  4  to  250  p.p.m.  The  amounts  of  magnesium  oxide  and  calcium 
oxide  in  natural  water  were  claimed  to  be  low. 

Brown  ( 1939 )  systematically  studied  the  six  mineral  salts  mentioned 
above  for  their  effects  on  fermentation  and  dough  quality.  He  added 
these  salts  to  distilled  water  in  concentrations  ranging  from  50  to  1,000 
p.p.m.  and  used  the  “synthetic  water”  in  straight  and  sponge-doughs 
made  without  added  dough  improvers.  Control  doughs,  containing  dis¬ 
tilled  water  were  used  as  reference  points.  He  found  that  sodium  bi¬ 
carbonate  at  levels  ranging  from  100  to  1,000  p.p.m.  did  not  affect  dough 
fermentation  or  loaf  volumes.  Magnesium  oxide  at  levels  ranging  from 
50  to  5(K)  p.p.m.  did  not  affect  sponge  doughs  but  at  a  level  of  500  p.p.m. 
in  straight  doughs,  bread  volume  was  decreased.  The  three  salts,  mag¬ 
nesium  chloride  at  levels  from  50  to  500  p.p.m.,  calcium  carbonate  at 
levels  from  100  to  1,000  p.p.m.,  and  calcium  sulfate  at  levels  from  50  to 
300  p.p.m.  were  found  to  be  beneficial  to  fermentation  and  to  give  im¬ 
proved  loaf  volumes.  Water  containing  calcium  Ip'droxide,  on  the  other 
hand,  at  concentrations  of  100,  500,  and  1,000  p.p.m.  was  found  to  have 
increasingly  deleterious  effects  on  fermentation  and  loaf  volumes  vv'heii 
the  yeast  vvtis  emulsified  in  the  w^ater  according  to  normal  bakeiy  pio- 
cediires.  This  effect  is  due  to  the  alkalinity  of  the  calcium  hydroxide 
water  and  was  overcome  when  the  yeast  was  crumbled  into  the  mixer  on 
top  of  the  flour  and  mixed  into  the  dough  without  preliminary  mixing 
with  the  alkaline  water.  The  buffering  capacity  of  the  ffour  in  overcom¬ 
ing  the  alkalinity  of  the  water  was  sufficient  to  protect  the  yeast.  This 
same  adverse  effect  was  found  to  a  much  lesser  degree  with  magnesium 
oxide,  as  was  expected,  because  of  the  much  lower  solubility  of  mag- 
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iiesium  oxide  compared  to  calcium  hydroxide.  Although  Brown  used 
distilled  water  for  his  control  doughs,  he  did  test  the  effect  of  city  wa^r 
(without  additives)  and  hA  per  cent  yeast  food  with  distilled  water.  He 
found  that  the  use  of  yeast  food  resulted  in  the  largest  bread  volumes  in 
the  complete  test  series,  followed  by  the  use  of  city  water.  In  all  cases 
in  which  magnesium  and  calcium  salts  were  used,  stiffer  doughs  resulted 
pointing  to  a  strengthening  effect  of  these  salts  on  gluten.  The  alkali 
chlorides  and  sulfates,  particularly  calcium  sulfate,  were  also  recognized 
by  Haas  (1927)  as  being  beneficial  to  doughs  by  virtue  of  their  gluten 
strengthening  properties. 

Loving  (1939)  investigated  the  effect  of  mixtures  of  salts  at  several 
concentrations  using  five  different  commercial  brands  of  yeast.  He  used 
pressuremeter  measurements,  fermentation  times  and  loaf  quality  as 
criteria.  The  data  indicate  that  different  yeasts  displayed  varying  re¬ 
sponses  to  the  effects  of  the  salts  tested,  particularly  with  the  alkaline  cal¬ 
cium  hydroxide.  Some  of  the  yeasts  were  remarkably  tolerant  to  high 
levels  of  calcium  hydroxide  ( 1,000  p.p.m. )  pointing  out  that  with  highly 
alkaline  waters  the  baker’s  choice  of  yeast  is  an  important  consideration. 

Juvrud  (1939)  studied  the  effects  of  sodium  bicarbonate,  magnesium 
chloride,  calcium  carbonate,  calcium  hydroxide,  and  calcium  sulfate  alone 
and  in  combination  with  dough  improvers,  on  gassing  power  and  straight 
dough  fermentation  and  bread  quality.  He  found  marked  increases  in 
gassing  power  when  the  mineral  salts  were  supplemented  with  dough 
improvers,  particularly  in  the  case  of  calcium  hydroxide.  The  latter  is 
probably  due  to  the  acidic  character  of  the  dough  improvers  in  overcom¬ 
ing  the  alkalinity  of  the  calcium  hydroxide.  In  the  baking  tests,  the 
dough  improvers  also  resulted  in  improvements  beyond  those  of  the 
mineral  salts  alone.  In  interpreting  Juvrud’s  findings  it  should  be  kept 
in  mind  that  some  of  the  components  of  the  dough  improvers  have  ef¬ 
fects  on  doughs  that  are  distinctly  different  from  the  mineral  salts  tested. 


It  would  be  expected  that  the  ammonium  salts  and  oxidizing  salts, 
normally  present  in  dough  improvers  will  improve  gassing  power  and 
bread  scores  thus  affording  a  practical  means  to  the  baker  of  overcoming 
the  deleterious  effects  of  excessively  hard  or  highly  alkaline  waters. 

It  was  indicated  by  Haas  (1927)  that  fortunately  few  salts  in  water 
normally  occur  in  sufficient  quantity  to  exert  a  pronounced  effect  on 
dough  fermentation.  He  mentioned  hydrogen  sulfide  as  a  water  con¬ 
taminant  that  has  a  powerfully  detrimental  effect  in  verv  small  quantitv 

and  suggested  that  water  containing  this  substance  should  not  be  used  in 
bread  doughs. 

As  mentioned  pievionsly,  it  is  generally  agreed  that  chlorine  and  fluo¬ 
ride  are  without  any  effect  on  bread  doughs  ( Kirk  1951,  and  Dunn  1941 ) 
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Cryns  (1936),  on  the  other  hand,  jxiinted  out  that  it  was  his  experience 
that  the  use  of  chlorinated  water  shortens  fermentation  time  to  a  certain 
extent  and  improves  bread  quality,  particularly  if  lower  grade  or  weaker 
flours  are  used. 

Although  chlorine  is  added  to  water  at  water  treatment  plants  to  kill 
bacteria  and  other  micro-organisms,  it  should  be  kept  in  mind  that  water 
pollution  can  occur  at  distribution  points  after  the  water  treatment  is 
completed.  For  example,  pollution  of  the  water  supply  can  occur  within 
bakeries  due  to  poorly  assembled  water  fixtures  or  defective  plumbing. 
Readey  ( 1952 )  has  pointed  out  that  faucets  that  are  submerged  in  a 
filled  sink  or  in  cooking  vessels  can  result  in  back-siphonage  of  the  con- 
t^pts  of  the  sink  or  cooking  vessel  with  the  result  that  drinking  fountains 
dr  other  outlets  might  deliver  contaminated  water.  In  addition,  water 
closets  that  are  flooded  because  of  stoppages  in  the  waste  lines  can  back- 
siphon  contaminated  water  to  other  outlets.  Defective  or  leaky  sewage 
pipes  might  allow  drippage  of  sewage  on  food  products.  These  conditions 
leading  to  pollution  of  the  bakery  water  supply  or  food  products  should 
also  be  considered  and  corrected  when  they  are  present. 

The  consequences  of  using  water  of  different  composition  and  the 
practical  means  of  overcoming  possible  deleterious  effects  have  been  re¬ 
viewed  by  Pickering  ( 1936 ) .  The  rate  of  fermentation  is  generally  de¬ 
creased  when  alkaline  waters  are  used.  This  situation  can  be  corrected 
by  the  use  of  longer  fermentation  times,  by  using  more  yeast,  or  by 
adding  acidifying  agents  such  as  vinegar,  lactic  acid,  or  acid-type  dough 
improvers.  With  alkaline  waters,  normal  absorptions  can  be  used  and  if 
one  of  the  above  corrective  measures  is  applied,  good  quality  bread  can 
be  obtained. 

Soft  waters  result  in  sticky  doughs  which  require  less  than  the  normal 
amount  of  absorption.  The  deficiencies  of  soft  water  can  easily  be  cor¬ 
rected  by  an  increase  in  the  use  of  dough  improvers  and  dough  salt.  The 
lower  pH  that  normally  occurs  with  soft  waters  has  a  tendency  to  favoi 
fermentation  and  may  necessitate  the  use  of  shorter  dough  fermentation 
periods. 

Hard  waters  have  a  tendency  to  toughen  the  gluten  and  result  in 
“buckiness.”  Increased  yeast  quantities  will  alleviate  this  condition  by 
affording  more  vigorous  fermentation  thus  softening  the  dough  somewhat. 
Other  corrective  measures  include  lower  dough  improver  levels  and 
increased  diastatic  malt  levels. 

A  similar  summary  was  prepared  by  Kirk  (1951)  in  tabular  form  as 
shown  in  Table  34.  It  should  be  noted  that  the  hardness  classification 
used  by  Kirk  is  slightly  different  than  that  shown  in  Table  32  on  p.  78  of 

this  chapter. 
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Table  34 


RELATIONSHIP  OF  WATER  CHARACTERISTICS  TO  YEAST  FOOD  REQUIREMENTS 


Type  of  Water 

Sub-class 
of  W ater 

Type  of 
Yeast  Food 
Needed 

Amount  of 
Yeast  Food 
Needed 

Other  Special 
Treatment 

I.  Acid 

(Below  7  pH ) 

A.  Soft  (less 
than  120 
p.p.m.) 

Regular 

Normal 

Salt  in  sponge  (plus 
calcium  sulphate 
in  extreme  cases) 

B.  Moderately 
hard  (120- 
180  p.p.m.) 

Regular 

Normal 

None 

Malt  in  sponge  (in 
extreme  cases) 

C.  Hard 
(more  than 
180  p.p.m.) 

Regular 

Less  than 
normal 

II.  Averas^e 
(7  to  8  pH) 

A.  Soft 

Regular 

More  than 
normal 

None 

B.  Moderately 
hard 

Regular 

Normal 

None 

C.  Hard 

Regular 

Less  than 
normal 

Malt  in  sponge 

HI.  Alkaline 

A.  Soft 

Acid  or  regu- 

More  than 

Calcium  acid  phos- 

(Above  8  pH ) 

B.  Moderately 
hard 

lar  plus 
calcium 
acid  phos¬ 
phate 

normal 

phate  (in  extreme 
cases) 

Acid 

Normal 

None 

C.  Hard 

Acid 

Less  than 
normal 

Much  malt  (plus 
vinegar  or  lactic 
acid  in  extreme 
ca.scs) 

'From  Kirk  (1951). 

Skovholt  (1948)  lias  pointed  out  that  the  contributions  of  dough  im¬ 
provers  far  exceed  the  normally  encountered  concentrations  of  mineral 
alts  commonly  occurring  in  natural  waters.  The  usual  level  of  common 

rlniirrVi  _ _ _ ‘ii  _  _  .  i  ..  /  ^  . 
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lough  improvers  for  example,  will  contribute  several  times  ( 1,000  p.p.m. ) 


much  calcium  sulfate  as  found  in  normal  waters.  In  order  to  explain 
why  waters  differing  by  100  to  200  p.p.m.  in  hardness  have  significant 
effects  on  dough  properties,  he  suggests  that  the  trace  elements  found 
m  water  might  play  a  more  important  part  than  ordinarily  considered 
1  his  possibility  is  supported  by  an  earlier  finding  that  only  a  fractional 
part  per  million  of  an  element  like  vanadium  would  have  to  be  present 
m  the  water  used  in  baking  to  decidedly  modify  dough  characteristics 
Effects  due  to  trace  elements  are  likely  and  need  to  be  considered  in 
urther  investigations  on  the  quality  of  water  used  in  baking. 


TESTING  THE  WATER  SUPPLY 
If  problems  m  a  bakery  are  suspected  to  ])e  due  to  the 
^'ither  from  the  standpoint  of  dough  effects  as  covered 
chapter  or  because  of  scale  deposits  or  corrosive  effects  on 


water  supply 
earlier  in  this 
pipes,  valves. 
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meters,  boilers,  etc.,  there  are  several  common  tests  that  can  be  performed 
on  the  water  to  detennine  the  corrective  measures  that  should  be 
applied.  These  tests  can  be  performed  in  the  bakery  if  the  necessary 
facilities  are  available  or  water  samples  can  be  tested  at  local  testing 
laboratories. 

The  frequency  of  the  water  testing  schedule  and  the  types  of  tests 
to  be  applied  depend  on  the  source  of  the  water,  the  expected  seasonal 
fluctuations,  the  variation  in  rainfall,  the  proximity  of  the  water  supply 
to  tidal  waters,  and  many  other  factors.  In  general,  surface  waters  can 
be  expected  to  show  larger  fluctuations  in  composition  than  underground 
waters;  municipal  water  supplies  are  probably  less  variable  than  private 
water  supplies.  In  areas  with  municipal  water  supplies  infonnation 
about  the  composition  of  the  water  and  the  expected  variations  can 
usually  be  obtained  from  the  local  water  supply  organizations. 

In  preparing  for  analytical  evaluations  of  the  bakery  water  supply, 
prime  consideration  should  be  given  to  proper  sampling.  Samples  should 
be  taken  from  representative  areas  throughout  the  bakery  and  as  close 
as  possible  to  or  actually  at  the  outlet  points  at  which  the  water  will  be 


used. 

The  samples  should  generally  be  collected  in  well  washed  and  rinsed 
resistant  glass  containers,  such  as  Pyrex  glass.  If  several  tests  are  to  he 
made,  a  sample  size  of  500  to  1,000  ml.  should  be  adequate. 

Before  samples  are  taken  from  an  infrequently  used  outlet,  the  line 
should  be  thoroughly  flushed  to  remove  all  stagnant  water  and  any  sedi¬ 
ment  that  may  have  accumulated. 

Containers  that  are  to  be  used  for  collecting  water  samples  for  bac¬ 
teriological  assays  must  be  sterilized  and  properly  stoppeied  to  pi  event 
bacterial  contamination  from  sources  other  than  the  water  sample  to  be 

tested. 

The  main  tests  of  interest  to  bakers  include  (1)  alkalinity,  (2)  pH,  and 
(3)  hardness.  These  tests  will  be  described  in  detail  below.  There  are 
several  other  tests  which  may  be  of  interest  to  bakers  who  have  specific 
equipment  problems  (i.e.,  scale  deposits  or  corrosive  effects).  These  may 
include  tests  for  ( 1 )  sulfate  ion,  since  calcium  sulfate  scale  is  frequent  y 
encountered  in  boilers,  (2)  soluble  silicates  which  form  extremely  hard 
scale  but  have  no  perceptible  influence  on  dough  properties  or  fermenta¬ 
tion,  (3)  iron  which  can  discolor  equipment,  (4)  manganese  which  may 
sometimes  deposit  as  black  manganese  hydroxide  and  thus  clog  pipes 
and  valves  or  discolor  equipment,  and  (5)  dissolved  gases  such  as  oxyge  , 
carbon  dioxide  and  hydrogen  sulfide  which  render  water  highly  coiiosive 
and  can  cause  severe  damage  to  pipes,  valves,  water  jackets,  watei 
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meters,  l)oilers,  ete.  IVst  proeediires  for  these  possible  water  contam¬ 
inants  liave  been  covered  by  Powell  ( 1954). 

In  addition  to  the  above  tests  there  are  several  standard  tests  for 
common  microbial  contaminants.  These  tests  are  generally  carried  out  by 
the  Official  Procedures  of  the  American  Public  Health  Association  (Anon. 
1936 )  and  are  used  to  determine  the  possible  presence  of  harmful  micro¬ 
organisms  that  might  result  from  pollution  of  the  water  supply. 

The  procedures  that  have  been  adopted  for  the  common  tests  which 
are  of  most  significance  to  bakers  are  as  follows: 


Alkalinity  Determination 

A  total  alkalinity  test,  employing  methyl  orange  as  an  indicator  is 
generally  employed.  It  is  a  measure  of  the  alkalinity  due  to  the  more 
strongly  alkaline  hydroxides,  carbonates,  phosphates,  and  silicates,  as 
well  as  the  less  alkaline  bicarbonates  and  phosphates. 

Samples  containing  insoluble  material  should  be  filtered  before  the  test 
is  started.  In  this  procedure,  100  ml.  samples  are  used.  The  alkalinity 
results  are  expressed  as  equivalent  calcium  carbonate. 

Re  agents. -Methyl  orange  indicator  solution,  prepared  by  dissolving 
1  gram  of  methyl  orange  in  1  liter  of  distilled  water;  and  standard  sulfuric 
acid,  0.02  N. 

Procedure.— To  a  measured  100  ml.  of  clear  sample  in  an  Erlenmeyer 
Hask  over  a  white  background,  add  methyl  orange  indicator  until  a 
distinct  yellow  color  is  produced.  Titrate  the  sample  with  the  0.02  N  sul¬ 
furic  acid  solution  from  a  burette  having  graduation  marks  for  each  0.1 
ml.  The  acid  should  be  added  slowly  and  the  sample  swirled  or  stirred 
until  a  definite  pink  tinge  is  seen  in  the  yellow  color  of  the  sample.  A 
strong  pink  color  indicates  overtitration  of  the  end  point.  In  case  of 
difficulty  in  observing  the  end  point  add  a  second  sample  containing  the 
same  amount  of  indicator  to  a  second  flask  and  place  this  next  to  the  sam¬ 
ple  being  titrated.  By  comparison,  the  first  definite  change  in  color  can 
be  seen. 

Calculation.-Read  from  the  burette  the  total  eohmie  of  acid  whicli  has 
been  used. 


p.p.m.  alkali,  as  CaCO..;  =  X  1,0()0 

ml.  sample 

Examine:  If  a  1(K)  ml.  sample  of  water  is  use<l  and  7  ml.  of  acid  is  re- 
iired,  the  alkalinitv  is 
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Water  pH 

The  pH  value  is  defined  as  the  logarithm  of  the  reciprocal  of  the  gram 
equivalents  per  liter  of  the  hydrogen  ion.  It  may  be  expressed  as  follows: 


pH  =  log  ^ 

where  ( H  + )  is  the  hydrogen  ion  concentration  in  moles  per  liter. 

The  pH  value  of  water  solutions  is  a  number  between  0  and  14  and 
represents  the  acidity  or  alkalinity  of  the  solution.  When  the  pH  is  7,  the 
water  is  said  to  be  neutral,  \\dien  the  pH  is  below  7,  the  solution  is  said 
to  be  acid.  The  lower  the  pH,  the  more  acid  is  the  solution.  Conversely, 
when  the  pH  is  above  7,  the  solution  is  alkaline.  The  higher  the  pH,  the 
higher  is  the  alkalinity. 

For  the  accurate  detennination  of  pH,  the  electrometric  method,  using 
glass  and  calomel  electrodes  and  a  potentiometer,  is  employed.  These 
units  are  available  as  'pH  meters”  and  are  calibrated  to  read  directly  in 
terms  of  pH.  The  current  necessary  for  the  operation  of  a  pH  meter  is 
obtained  either  from  electrical  lines  or  batteries. 

Color-comparator  methods,  using  either  paper  impregnated  with  indi¬ 
cators  or  a  water  solution  of  indicators  can  be  used  for  less  accurate,  but 
under  some  conditions,  adequate  pH  measurements.  The  indicators  turn 
different  colors  at  different  pH’s  and  by  comparing  the  color  resulting 
from  contact  with  the  water  sample  being  tested  with  fixed  color  standards 
supplied  with  the  color  comparator  kit,  the  pH  of  the  water  sample  can 
be  determined. 

Total  Water  Hardness 

The  determination  of  total  water  hardness  by  titration  with  standard 
soap  solution  is  used  in  the  analysis  of  raw-water  supplies.  It  is  based 
on  the  ability  of  the  soap  solution  used  for  titration  to  form  calcium 
and  magnesium  soaps  which  do  not  form  a  stable  lather  on  shaking.  W  len 
an  excess  of  soap  solution  has  been  added,  a  stable  lather  will  be  formec . 

Reagents: 

Phenolphllialein  Indicator  Solution.-Dissolvc  5  grams  of  phenolj 
plithalein  in  1  liter  of  a  50  per  cent  solution  of  etl.yl  alcohcrl  in  distilled 
water.  Neutralize  with  dilute  NaOH  solution  to  a  faint  pink  color. 

Sodium  Hydroxide  Solution,  0.1  N  (Carbonate  Free ) .-Store  in  a 

1-oz.  dropping  bottle.  .  i  ...i 

Sulfuric  Acid  Solution,  0.1  N.-Store  in  a  1-oz.  dropping  bottle. 

Standard  Hard  Water.-A  calcium  chloride  standard  solution  may  )e 
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used  for  the  standard  liard  water.  However,  if  magnesium  is  suspected  of 
neing  present  in  the  water  sample,  the  accuracy  of  the  test  may  be  im¬ 
proved  by  mixing  the  calcium  standard  solution  with  the  magnesium 
ailfate  standard  solution  in  the  ratio  of  calcium  to  magnesium  in  the 
sample.  For  average  water,  a  mixture  of  80  ml.  of  standard  calcium 
I'hloride  and  20  ml.  of  standard  magnesium  sulfate  can  be  used. 

Calcium  Chloride  Standard  Solution.— Dissolve  0.5  gram  of  pure  cal- 
L'ium  carbonate  in  a  beaker  with  a  little  dilute  hydrochloric  acid.  Wash 
down  the  sides  of  the  beaker  with  freshly  boiled  and  cooled  distilled 
water.  Neutralize  the  excess  acid  with  ammonium  hydroxide  using  litmus 
paper  or  phenolphthalein  as  the  indicator.  Make  up  to  500  ml.  with 
reshly  boiled  and  cooled  distilled  water,  and  store  in  a  tightly  stoppered 
dass  bottle.  One  milliliter  equals  1  mg.  of  hardness,  as  calcium  carbonate. 

Magnesium  Sulfate  Standard  Solution.— Dissolve  0.6  gram  of  anhy- 
Irous  magnesium  sulfate  in  500  ml.  of  freshly  boiled  and  cooled  distilled 
water.  Store  in  a  tightly  stoppered  Pyrex  glass  bottle.  One  milliliter 
equals  1  mg,  of  hardness,  as  calcium  carbonate. 


Standard  Soap  Solution.— Dissolve  approximately  100  gm.  of  pure 
powdered  castile  soap  in  1  liter  of  80  per  cent  ethyl  alcohol.  Let  this 
solution  stand  at  least  overnight,  then  decant.  This  is  the  stock  solution 
ind  is  about  9  to  10  times  more  concentrated  than  the  standard  solution, 
dilute  a  portion  of  the  stock  solution  with  80  per  cent  ethyl  alcohol  until, 
when  an  aliquot  is  titrated  against  calcium  chloride  solution  (by  pro- 
..edure  given  below),  1  ml.  of  the  resulting  dilution  is  equivalent  to  1  ml. 
pf  the  standard  calcium  chloride  solution.  The  adjustment  of  the 
strength  of  the  dilution  should  include  an  allowance  for  the  lather  factor 
(described  below)  of  the  adjusted  soap  solution  from  at  least  five  de- 
erminations.  One  milliliter  of  standard  soap  solution  —  lather  factor 
=  1  mg.  CaCOs. 


Lather  Faetor.-The  lather  factor  of  the  soap  solution  is  determined  bv 

idding  sma  increments  of  soap  solution  to  50  ml.  of  freshly  boiled  and 

cooled  distil  ed  water  until  a  stable  lather  is  formed  after  shaking.  Since 

the  soap  solution  may  change,  the  lather  factor  should  be  checked  at 
east  once  a  week. 

Add  50  ml.  of  the  distilled  water  to  the  8-oz.  test  bottle  aitd  adjust  the 
H  va  ue  to  the  phenolphthalein  end  point  as  described  below.  Titrate 

•v.  h  the  soap  solution  until  a  pennanent  lather  is  formed.  Record  the 
nilhhters  of  soap  used  as  the  lather  factor. 

Procedure.-ln  order  to  obtain  reproducible  results,  the  sample  should 
>e  biought  to  the  pH  of  the  phenolphthalein  end-point  (about  8 .3)  The 
unpeiatnre  ot  the  samples  should  be  between  60°  and  ]00°F  4 

:>eudcd  matter  should  be  removed  by  filtration 
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Add  50  ml.  of  the  sample  to  be  tested  to  a  elean  8  oz.  glass  bottle,  fitted 
with  a  glass  or  rubber  stopper.  Add  three  drops  of  phenolphthalein  in- 
dieator  and  adjust  the  pH  value  to  the  end-point  with  either  0.1  N  sodium 
hydroxide  or  0.1  N  sulfuric  acid  as  required. 

To  the  neutralized  sample,  add  standard  soap  solution  from  a  burette 
in  small  increments  of  0.2  ml.  at  a  time  and  shake  the  bottle  vigorously 
after  each  addition.  When  a  permanent  lather  begins  to  form,  reduce 
the  increments  of  soap  solution  to  0.1  ml.  until,  with  further  shaking,  a 
lather  will  persist  over  the  surface  of  the  water  for  a  period  of  5  min.  while 
the  bottle  is  lying  on  its  side.  Record  the  milliliters  of  soap  solution  used. 

When  this  point  is  reached,  test  for  a  false  end-point  by  adding  0.2  ml. 
more  of  the  soap  solution,  and  shake  the  bottle.  If  the  lather  disappears, 
the  titration  should  be  continued  to  a  final  end-point.  The  presence  of 
magnesium  in  the  sample  may  be  the  cause  of  the  false  end-point. 

Calculation 

Total  hardne.ss,  as  p.p.m.  CaCO;-  =  (ml.  soap  solution-ml.  lather  factor) 

X  hardness  factor 

Example.-U  50  ml.  of  sample  requires  1.5  ml.  of  soap  solution  to  pro¬ 
duce  a  stable  lather,  the  lather  factor  is  0.2  ml.,  and  the  hardness  factor 
is  20,  then  20  X  (1-5-0.2)  =  20  X  1-3  =  26  p.p.m.  total  hardness,  as 
CaCO,. 

Hardness  Factor.-The  factor  used  for  calculating  the  hardness  should 
be  determined  at  least  once  a  week  since  the  soap  solution  may  change. 

This  test  is  made  by  adding  5  ml.  of  standard  hard  water  to  45  ml.  of 
distilled  water.  The  pH  adjusted  and  a  soap  solution  titration  is  made  as 

above. 


Calculation 


Hardness  factor  = 


5  X  20 

(Tnl.  of  soap  —  ml.  lather  factor) 


Example.-lf  5  ml.  of  flic  .staiulard  liaid  water  requires  4.1  ml.  of  soap 
.solution  and  the  lather  factor  is  0.2  ml.,  then  the  soap  solution  consumed 
is  4.1  _  0,2  =  .3.9  ml.  This  is  equivalent  to  the  5  mg.  of  calcium  car¬ 
bonate  in  the  5  ml.  of  standard  water  used.  Therefore  the  hardness  fac- 
tor  mav  be  calculated  as 


20  X 


5 


.3.9  (ml.  of  soap  used) 


25.6 


The  above  test  methods  or  the  other  analytical  procedures  mentioned 
above  can  bo  used  when  the  bakery  water  snirply  is  suspected  to  be  le 
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jcause  ()1  deficiencies  in  lennentation  or  general  dongli  and  biead  cliaiac- 
■teristies.  If  tlie  water  supply  is  ionnd  to  l)e  the  cause  of  these  deficiencies, 
jthe  application  of  tlie  proper  corrective  measures  descri])ed  earlier  in  this 
(Chapter  should  adequately  solve  the  problems. 
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CHAPTER  4 


R.  W.  Mykieby 


Milk  and  Milk  Derivatives 


Fluid  milk  as  such,  was  undoubtedly  the  first  form  of  milk  used  in  the 
baking  of  bread  by  the  housewife.  With  the  evolution  that  science  and 
technology  have  fostered,  the  household  baking  operation  has  given  way 
to  the  small  retail  bake  shop,  the  wholesale  bakery,  and  finally  the  still 
larger  multi-plant  bakery  chains  covering  large  geographic  areas  of  the 
country.  Indeed  the  recent  emphasis  on  continuous  processing  with  its 
potential  labor  economies  has  made  its  impact  on  all  of  the  baking 
industry.  Further,  the  increasing  variety  of  bakery  products,  such  as  dry 
mixes,  refrigerated  and  frozen  baked  goods,  brown  and  serve,  etc.,  has 
created  a  need  for  raw  materials  processed  to  meet  the  specific  needs  of 
these  varied  elements  of  the  baking  industry. 

Milk  products,  and  particularly  nonfat  dry  milk,  have  become  a  rather 
widely  used  ingredient  of  baked  goods.  Nonfat  dry  milk  levels  in  breads, 
for  example,  can  vary  from  zero  per  cent  to  as  high  as  25  per  cent  (see 
p.  111).  The  nonfat  dry  milk  levels  in  cakes  can  vary  from  0  to  10  or  12 
per  cent  (see  p.  113).  Milk  solids  levels  in  many  other  specialty  forms  of 
baked  products  and  prepared  mixes  will  typically  vary  between  5  and  10 
per  cent— all  based  on  Hour  weight. 

^  ^  ^  ^  r,t^  r-  .  _1 _ 1-U  ^ 


Figures  compiled  by  the  American  Dry  Milk  Institute  show  the  United 
States  utilization  of  dry  milks  in  1958  to  be  as  follows: 


Bakery 


Prepared  Dry  Mixes 


Nonfat  milk 
Dry  whole  milk 
Dry  buttermilk 


272,500,000  lbs. 
8,000,000  lbs. 
37,200,000  lbs. 


40,600,000  lbs. 
8,400,000  lbs. 


While  end  use  figures  are  not  available  for  fluids  and  concentrates,  it  is 
an  accepted  fact  that  dry  milk  products  account  for  the  greatest  mi 
lUrriioT-rf  rHcT'»n‘;iti"nn  iu  the  bakiiitl  industry. 
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used  for  evaluating  milk  products  for  their  specific  performance  m  the 
bakery  industr)^ 

TECHNOLOGY  OF  MILK  IN  RELATION  TO  BAKING 
The  Individual  Milk  Constituents 

Milk  is  generally  defined  as  the  whole,  fresh,  lacteal  secretion  obtained 
hy  the  complete  milking  of  one  or  more  healthy  cows,  which  contains  not 
less  than  8.25  per  cent  milk  solids  not  fat  and  not  less  than  3.25  per  cent 
milk  fat,  excluding  that  obtained  within  15  days  before  and  five  days  after 
calving,  or  such  longer  period  as  may  be  necessary  to  render  the  milk 
practically  colostrom  free.  As  is  clear  from  this  definition,  the  term  milk 
unqualified  means  cows’  milk.  All  other  milk  is  qualified  by  some 
adjective  as  goats’  milk,  pigs’  milk,  human  milk,  etc. 

The  individual  constituents  of  milk  can  be  listed  very  simply  as  butter- 
fat,  milk  protein,  lactose,  ash,  and  water.  A  typical  analysis  of  milk  will 
show  it  to  contain: 


TYPICAL  ANALYSIS  OF  MILK 


Milk  Constituent 

Per  cent 

Butterfat 

3.9 

Protein 

3.5 

Lactose 

4.9 

Ash 

.7 

Water 

87.0 

Total 

100.0 

The  dairy  industry  has  employed  such  processes  as  separation,  churning, 
evaporation,  drying,  and  precipitation  to  segregate  all  or  portions  of  these 
milk  constituents.  The  specific  method  or  methods  employed  in  manu¬ 
facturing  dairy  products  will,  in  turn,  determine  the  chemical  composition 
of  the  end  pioduct,  and,  in  many  instances,  will  also  determine  its  per¬ 
formance  characteristics  in  a  baking  operation. 

Milk  Fat.— Commercially  referred  to  as  butterfat,  is  essentially  a  tri¬ 
glyceride  consisting  of  the  glycerol  molecule  united  with  three  parts  or 
moles  of  fatty  acids.  There  have  been  at  least  29  different  fatty  acids 
isolated  from  butterfat.  It  is  the  proportion  of  these  various  mixed  fatW 

acid  components  of  butterfat  that  gives  butterfat  its  individual  phvsical 
ciiaracteristics. 


1  able  35  slmws  the  percentage  range  of  the  more  important  fattv  acids 
onnd  m  milk  fat  ami  their  respective  melting  points.  From  this  it  is 

variation  exists  in  the  fatty  acid  composition 
ot  milk  tat.  These  variations  are  dne  to  such  factors  as  the  breed  of  cattle, 
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individuality  of  tlie  cow,  period  of  lactation,  and  type  of  feed  used.  The 
type  of  feed  given  cattle  is  of  considerably  greater  practical  significance 
than  the  other  factors.  Consequently,  milk  fat  produced  under  different 
climatic  conditions,  during  different  seasons  of  the  year,  and  in  different 
sections  of  the  country  can  exhibit  somewhat  different  physical  and 
chemical  characteristics. 


Table  35 


FATTY  ACIDS  IN  BUTTERFAT 


.•\cid 

Carbon 

Atoms 

Formula 

Melting  Point* 
Degrees  F. 

Percentage* 

Range 

Saturated 

Butyric 

4 

C3H7COOH 

17.6 

2.2  to  5.5 

Caproic 

6 

CsHuCOOH 

14.9 

1  .  3  to  3.3 

Caprylic 

8 

C7H15COOH 

61.1 

0 . 5  to  1.9 

Capric 

10 

C.HisCOOH 

87.8 

0 . 3  to  3.0 

Laurie 

12 

CnH:3COOH 

118.4 

2 . 6  to  7.7 

Myristic 

14 

C,3H,7C00H 

136.4 

9.9  to  22.6 

Palmitic 

16 

CisHsiCOOH 

147.2 

5 . 8  to  38 . 6 

Stearic 

18 

CnHjsCOOH 

158.2 

1 . 8  to  20 . 4 

Unsaturated 

Oleic 

18 

CnHsaCOOH 

57.2 

25.3  to  48.3 

Linoleic 

18 

C,7H3iCOOH 

-0.6 

0 . 0  to  5.4 

'  Hunziker  (1940). 


As  compared  to  most  other  food  fats,  milk  fat  contains  relativeh’  large 
(juantities  of  the  saturated  fats  and  relatively  small  quantities  of  the  im- 
saturated  fats.  Because  of  this,  milk  fat  is  more  stable  toward  heat  than 
a  fat  containing  a  large  proportion  of  unsaturated  glycerides.  Table  36 
gives  the  fatty  acid  analyses  of  some  other  fats  of  animal  and  plant  oiigin. 

Milk  fat,  when  used  in  baking,  serves  much  the  same  purpose  as  other 
fats;  namely,  that  it  lubricates  and  weakens  the  gluten  structure  to  shoiten 
and  tenderize  the  product.  Further,  milk  fat  contains  some  of  the 
desirable  carbonyl  compounds  such  as  diacetyl,  which  contribute  to  the 
characteristic  “butter  flavor”  traditionally  associated  with  butteifat  (Kum 
merowl957). 

Butterfat  contains  small  quantities  of  materials  which  may  be  refeiiec 
to  as  minor  constituents  of  butterfat.  The  phospholipids,  lecithin  and 
cephalin,  are  not  true  fats,  but  are  fat-like  in  nature.  The  phospholipid 
content  of  milk  varies  from  0.025  to  0.040  per  cent  and  the  lecithin  content 
from  0.012  to  0.018  per  cent.  In  the  separation  of  cream  and  churning  of 
butter,  much  of  the  lecithin  content  finds  its  way  into  the  buttermilk 
portion,  giving  buttermilk  a  relatively  high  lecithin  content.  The  lecithin 
content  of  the  fat  in  buttermilk  will  consequently  range  between  1.90  and 
5.85  per  cent.  The  lecithin  content  of  the  fat  of  churned  butterfat,  on  the 
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„1|kt  IkukI,  will  Monnally  .•angc  between  0.(123  and  0.099  per  cent  (Crane 


and  Horrall  1943).  ,  ,  .  i  i  i  ■  f  f 

Cdiolesterol  is  a  high  molecular  weight  alcohol  which  is  soluble  in  tat 

and  is  present  in  butterfat  to  the  extent  of  0.25  to  0.45  per  cent. 

The  yellow  coloring  materials  in  butterfat,  carotene  and  xanthophyll, 
are  made  up  of  roughly  90  per  cent  carotene  and  ten  per  cent  xanthophyll. 
The  fat  soluble  vitamins,  vitamin  A  and  vitamin  D,  are  also  present  in 
butterfat.  These  materials  vary  somewhat  from  season  to  season  depend¬ 
ing  on  the  nature  of  the  feed  given  to  the  cow. 


Table  36 


T^'PICAL  FATT'i'  ACID  ANALYSES  OF  SOME  FATS  OF  ANIMAL  AND  PLANT  ORIGIN* 

(all  values  in  weight  percentage)** 


Saturated 

Llnsaturated 

Palmitic 

•Stearic 

Other^ 

Oleic 

Linoleic 

Other 

.\nimal  Fats 

Lard 

29.8 

12.7 

1 .0 

47.8 

3.1 

5.6^ 

Chicken 

25.6 

7.0 

0.3 

39.4 

21.8 

5.9^ 

Butterfat 

25.2 

9.2 

25.6 

29.5 

3.6 

7.2^ 

Beef  fat 

29.2 

21  .0 

3.4 

41  . 1 

1.8 

3.5^ 

Veejetable  Oils 

Corn 

8.1 

2.5 

0.1 

30.1 

56.3 

2.9 

Peanut 

6.3 

4.9 

5.9 

61  . 1 

21  .8 

Cottonseed 

23.4 

1  .1 

2.7 

22.9 

47.8 

2.1 

•Soybean 

9.8 

2.4 

1.2 

28.9 

50.7 

7.05 

Olive 

10.0 

3.3 

0.6 

77.5 

8.6 

Coconut 

10.5 

2.3 

78.4 

7.5 

Tr. 

1.3 

*  .Anon.  1  958. 


2  Ccinpo.sitions  arc  in  weight  percentage.s  of  component  fatty  acicis.  If  values  as  glycerides  are  desired,  the 
percentages  may  be  multiplied  by  the  approximate  factor,  0.95. 

2  Values  in  this  column  for  butterfat  and  coconut  oil  are  due  to  large  amounts  of  acids  C12  and  below.  Peanut 
oil  contains  several  per  cent  of  C20  and  above  acids. 

^  Mainly  hexadecanoic  acid;  0.2  to  0.4  per  cent  arachidonic  acid. 

*  Mostly  linolenic  acid. 


The  enzyme  lipase,  while  not  a  constituent  of  butterfat,  is  of  practical 
concern  in  a  discussion  of  butterfat  because  of  its  lipolytic  activity  on  fats 
if  daiiA'  products  are  not  properly  handled  in  the  different  phases  of  proc¬ 
essing.  Certain  types  of  temperature  shock  (warming  and  cooling)  and 
certain  processing  treatments  (homogenization)  can  greatly  accelerate 
lipolytic  activity.  Heat  treatments  of  140° F.  and  preferablv  higher  in  the 

initial  stages  of  processing  are  usually  adequate  for  the  de.struction  of  the 
lipolytic  enzyme. 

Protein.-The  classical  iionienclatuie  for  milk  proteins  shows  them  to 
contain  casein,  lactalbiimiii,  and  lactoglobulin.  Modern  techniques  of 

coicist  of  mixtures  of  different  proteins  and  that  others  are  rather 


106 


BAKERY  TECHNOLOGY  AND  ENGINEERING 


honio^eiu'oiis  in  nature,  "riu'se  later  developments  have  resulted  in  a 
revision  of  the  noinenelatnre  of  milk  proteins  to  conform  to  these  findinp;s. 

There  have  hi'en  ('i^ht  reasonahK’  pnrt'  and  homogeneous  proti'ins 
isolated  from  milk.  These  proteins  are  listed  in  Table  37  which  shows  the 
classical  fraction  from  which  each  is  isolated  and  the  appro.ximate  per¬ 
centage  of  each. 

Table  37* 


INDIVIDUAL  PROTEINS  OF  MILK  AND  THEIR  APPROXIMATE  PERCENTAGE  OCCURRENCE 


Protein 


Classical 
Fraction  From 
Which  Isolated 


Approximate^ 

Percentage 

Occurrence 


.Alpha  casein 
Beta  casein 
Gamma  casein 
Beta  lactoglobulin*  '* 
.Alpha  lactalbumin^ 
“Blood”  serum  albumin® 
Immune  globulins 
Euglobulin 
Pseudoglobulin 


Casein 

45-63 

Gasein 

19-28 

Gasein 

3-7 

Lactalbumin 

7-12 

Lactalbuinin 

2-5 

Lactalbumin 

0.7-1  .3 

Lactoglobulin 

0.8-1 .7 

Lactoglobulin 

0.6-1 .4 

of  electrophoretic  components  in 

casein  (1.5  per  cent)  and 

•  Jenness  et  al.  (1956). 

2  As  determined  by  measurements  of  relative  at 

serum  protein  (2.4  per  cent)  fractions  at  pH  8.6  and  0.1  ionic  strength.  .u  u  ■ 

3  Prefixes  alpha  and  beta  for  alpha-lactalbumin  and  beta-lactoglobulin  were  assigned  on  the  basis  that  the.  e 
proteins  .sediment  at  the  same  rates  in  the  ultra-centrifuge  as  peaks  designated  alpha  and  beta  for  skimmilk  by 

^‘’?B''e°a.iactoglobulin  appears  to  con.sist  of  two  closely  related  components  designated  betai  and  beta  lactoglob- 

ulin  which  differ  slightly.  ,  ,  r  ui  a 

6  Some  of  the  data  for  this  protein  are  for  material  actually  isolated  from  blood. 

The  proteins  of  milk  can  be  further  defined  based  on  their  method  of 
separation  from  milk  (Jenness  et  aJ.  1956).  This  may  be  helpful  to  some 
technologists  in  studying  the  literature  on  this  subject. 

Casein.— The  classical  casein  fraction  of  milk  consists  of  the  fi  action 
precipitated  from  raw  skimmilk  by  acidifying  to  pH  4.6  to  4.7.  It  com¬ 
prises  about  80  per  cent  of  the  proteins  of  milk  and  consists  of  a  mi.xture 
of  the  three  principal  components:  alpha,  beta,  and  gamma  caseins. 
Casein  exists  in  milk  in  complex  particles  containing  calcium  phosphate. 

Milk  Serum  Proteins  (or  Whey  Proteins) .-The  proteins  of  skimmilk, 
other  than  casein,  comprising  about  20  per  cent  of  the  total  milk  proteins. 

Heat-lahile  Milk  Serum  Protein.-The  portion  of  the  milk  serum  pro^ 
teins  ( about  80  per  cent )  that  is  rendered  acid  precipitable  at  pH  4.6  to  4  ( 
bv  previous  heat  treatment  of  the  milk,  (e.g.,  by  boiling  for  20  minutes). 

Albumin  or  Lactalhumin  Fraction.-The  portion  of  the  milk  serum 
proteins  that  is  soluble  in  neutral  one-half  saturated  ammonium  sulfate  or 
saturated  magnesium  sulfate. 

Globulin  or  Lactoglobulin  Fraction.-The  portion  of  the  milk  serun 
proteins  that  is  insoluble  in  neutral  one-half  saturated  ammonium  sulfate 
or  saturated  magnesium  sulfate. 
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Commercial  Lactalbumin.-A  product  precipitated  by  heating  acidified 
whey  and  including  both  the  lactalbumin  and  lactoglobuhn  fractions. 

Proteose-peptone  Fraction— The  portion  of  the  milk  serum  proteins 
that  is  not  rendered  acid  precipitable  at  pH  4.6  to  4.7  by  previous  heat 
treatment  of  the  milk. 

Fat  Globule  ‘'Membrane""  Proteins.— A  complex  of  proteins  and  en¬ 
zymes  including  lipoproteins,  alkaline  phosphatase,  and  xanthine  oxidase 
adsorbed  on  the  surface  of  milk  fat  globules.  This  material  ( or  at  least 
a  fraction  thereof)  can  be  isolated  by  washing  cream  and  churning. 

A  recent  review  ( Whitney  1958 )  shows  milk  contains  a  rather  hetero¬ 
geneous  group  of  proteins  which  are  present  in  small  quantities  and  whose 
significance  in  baking  technology  is  not,  at  this  time,  fully  understood. 

The  somewhat  detailed  classification  and  description  of  milk  proteins  is 


presented  here  because  it  is  this  fraction  of  milk  solids  that  is  of  major 
concern  in  baking,  particularly  in  the  case  of  yeast  raised  doughs  where 
gluten  structure  plays  a  role  in  the  physical  dough  character.  It  is,  in 
fact,  the  effect  of  heat  on  the  various  protein  components  of  milk  that  is 
the  basis  for  much  of  the  technology  of  milk  processing  for  bakery  use. 

Lactose.— Lactose  or  milk  sugar  is  a  reducing  disaccharide  which  breaks 
down  on  hydrolysis  by  acids  or  by  the  enzyme  lactase  to  the  monosac¬ 
charides,  glucose  and  galactose.  The  ordinary  lactose  of  commerce  is 
alpha  lactose  monohydrate  which  melts  at  362.9°F.  and  has  a  specific 
rotation  of  -[-89.40°  (for  the  anhydrous  sugar).  When  dissolved  in  water 
it  undergoes  mutarotation;  the  equilibrium  solution  contains  37.8  per  cent 
of  the  alpha  and  62.2  per  cent  of  the  beta  form  to  give  a  constant  specific 
rotation  of  -[-55.5°.  If  lactose  is  crystallized  from  solution  above  200.3° F. 
anhydrous  beta-lactose,  with  a  specific  rotation  of  -[-35.0°  and  a  melting 
point  of  453. 6°F.  is  produced.  When  an  equilibrated  solution  is  very 
rapidly  dried  by  means  of  a  drum  or  spray  drier,  the  resulting  solid  is  an 
amorphous  glass  containing  the  alpha  and  beta  forms  in  approximately 
the  equilibrium  ratio  present  in  solution.  By  drying  more  slowly  above 
200.3  F.  the  ratio  of  the  beta  to  the  alpha  form  is  increased,  and  under 
appropriate  conditions  practically  pure  beta  lactose  can  be  obtained. 

Alpha-lactose  monohydrate  is  less  soluble  in  water  and  less  sweet  than 
the  anhydrous  beta  form.  The  solubility  of  lactose  (equilibrium  mixture 
of  alpha  and  beta  forms)  at  32.0°F.  is  only  12  gm.  per  100  gm.  of  water 
as  compared  with  179  gm.  per  100  gm.  of  water  for  sucrose.  The  sweet¬ 
ness  of  lactose  in  comparison  with  sucrose  as  100,  is  16  (Gortner  and 
Gortuer  1949).  Lactose  is  readily  converted  to  lactic  acid  bv  many  micro¬ 
organisms  but  is  not  fermented  to  alcohol  bv  common  yeast 

Miner, ats.-Tlic  mineral  content  of  fluid  whole  milk  is  approximately  as 
tollows: 
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Mineral 

Percentage 

Calcium 

0.112 

Phosphorus 

0.095 

Potassium 

0.138 

Magnesium 

0.013 

Sodium 

0.095 

Chlorine 

0.109 

Sulfur 

0.010 

Also  present  in  small  amounts  are  iron,  3.0  p.p.m.;  zinc,  3.0  p.p.m.; 
silicon,  2.0  p.p.m.;  copper,  0.3  p.p.m.;  and  fluorine,  0.15  p.p.m. 

The  minerals  of  milk  aside  from  playing  a  fundamental  role  in  nutri¬ 
tion,  have  a  bearing  on  the  heat  stability  of  milk.  In  the  manufacture  of 
evaporated  and  condensed  milks  and  certain  types  of  milk  powders,  this 
mineral  balance  between  calcium  and  magnesium  on  the  one  hand,  and 
phosphates  and  citrates  on  the  other,  is  fundamental  to  the  production  of 
products  having  uniform  viscosity  characteristics.  The  first  two  minerals 
tend  to  cause  protein  coagulation,  while  the  latter  two  compounds  tend 
to  prevent  it.  Hence,  if  a  batch  of  milk  contains  an  excess  of  calcium,  the 
correct  balance  could  be  obtained  by  the  addition  of  sodium  phosphate. 
Citric  acid  aids  in  maintaining  the  salt  balance  by  forming  salts  with 
calcium  and  magnesium. 


The  Effect  of  Heat  Treatment  on  Baking  Quality 

The  preceeding  discussion  has  dealt  with  the  basic  composition  and 
characteristics  of  milk  and  its  component  parts.  The  behavior  of  milk  or 
milk  solids  in  a  baking  operation  is  dependent  on  the  conditions  used  in 

the  various  manufacturing  processes. 

Whey  Protein  Denaturation.-The  effect  of  heat  treatment  of  milk  on 

its  baking  behavior  lias  been  recognized  for  many  years.  The  pioneei 
work  of  Greenbank  et  cil  ( 1927)  showed  that  heat  treatment  of  separatet 
milk  prior  to  drying  improved  the  baking  quality  of  the  resulting  nonfa 
drv  milk.  The  work  of  Skovholt  and  Bailey  (19.32)  demonstrated  that 
heat  treatment  of  skimmilk  reduced  the  tendency  of  doughs  to  slacken 
upon  extended  mixing.  Later  Stamberg  and  Bailey  (194:.)  demonsti.itec 
that  the  dough  softening  fraction  of  milk  was  concentrated  m  le  w  ley 
portion.  This  was  later  demonstrated  to  be  associated  with  tie  seiui 
protein  ( or  whey  protein )  fraction.  More  recent  work  based  on  the  hake 
testing  of  the  individual  constituents  of  milk  before  and  after  heat  tieat- 
nient  has  further  demonstrated  that  the  loaf  volume  depre.ssant  is  coiicen- 
trated  in  the  whey  protein  with  the  casein  and  lactose  playing  a  ula 

'"The’mhhmum  heat  treatment  required  for  whey  protein  denaturation 


MILK  AND  MILK  DERIVATIVES 


]()9 


and  satisfactory  Ixiking  (luality  lias  been  reported  as  163.4°F.  for  30 
minutes  Sinc('  soinewliat  lii.ulu'r  t('niperalnr(‘S  are  not  liannhil,  pia'lu'at 
temperatures  in  the  order  of  185.{)"F.  for  20  to  30  minutes  are  connnonly 
used  in  the  coininercial  processing  of  skiininilk  foi  liakeiy  use. 

Research  workers  are  still  looking  for  the  specific  fraction  or  fractions 
of  the  whey  protein  portion  of  milk  which  carries  the  loaf  volume  depres¬ 
sant  and  are  attempting  to  determine  the  exact  chemical  phenomenon 
involved.  Nonetheless,  there  is  general  agreement  that  the  heat  treatment 
of  skimmilk,  and  more  specifically  of  the  serum  protein  fraction  of  skim- 
milk,  is  the  practical  solution  for  the  production  of  improved  baking 
quality  nonfat  dry  milk. 


Courtesy  of  Land  O’  Lakes  Creameries,  Inc. 

I'lc.  28.  The  t  ahinoc;raph  Being  Used  to  Determine  Water  Absorption 
OF  Spray  Process  Nonfat  Dry  Milk 


Water  Absorption.-The  desirability  of  using  milk  products  with  high 
water  absorbing  capacity  has  been  generally  recognized  in  bread  making. 
1  his  characteristic  of  dry  milk  is  associated  with  the  degree  of  destabili¬ 
zation  of  the  casein.  Since  the  caseins  are  considerably  more  stable  to 
heat  treatment  than  the  serum  protein  fraction  of  milk,  the  caseins  are 
sometimes  said  to  be  “nndenaturable”  in  that  their  solubility  is  not  affected 
.  w  the  usual  heat  treatments  used  in  dairv  processing  (140°  to  '’(K)°F  for 
t  up  to  five  hours).  More  clra,stic  Iteat  treatntents  dolu.se  coa,ulatio„  or 
partial  coasulation  ot  these  proteins.  Tills  principle  is  ntilizM  in  inanv 
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milk  processing  teclmicpies  where  high  viscosity  and  liigli  water  or  fat 
al)sorl)ing  cliaracteristics  are  desired  in  finislied  products. 

d’ljc  edecl  ol  heal  treatment  on  the  pliysical  characli'rislics  of  casein  is 
dependent  upon  the  stage  of  processing  wliere  heat  is  applied.  Fluid  milk 
or  fluid  skimmilk  will  require  prolonged  heat  treatment  for  casein  de- 
stabilization,  Increasing  the  solids  concentration  during  the  condensing 
and  drying  operation  ( up  to  about  90  per  cent  solids )  will  rapidly  alter 
the  sensitivity  of  caseins  to  heat  destabilization.  For  this  reason  fluid 
skimmilk  ( about  nine  per  cent  total  solids )  is  usually  preheated  before 
concentrating  to  achieve  whey  protein  destabilization  (see  p.  109)  while 
the  concentrated  milk  (about  40  per  cent  total  solids)  is  heated  to  tem¬ 
peratures  ranging  from  170° F.  to  200° F.  to  achieve  casein  destabilization 
and  higher  water  absorption.  A  knowledge  of  the  characteristics  of 
casein  and  the  greater  heat  sensitivity  of  the  serum  proteins  makes  it 
possible  to  adjust  processing  procedures  in  the  manufacture  of  condensed 
and  dry  milk  products  to  secure  the  desired  serum  protein  denaturation 
and  casein  destabilization  for  any  particular  bakery  use. 


Effect  of  Milk  Solids  on  Bakery  Products 

Certain  changes  occur  when  milk  solids  are  added  to  doughs.  These 
changes  manifest  themselves  at  different  times  and  in  different  manners 
during  the  dough  making  and  baking  process.  Specific  chemical  explana¬ 
tions  of  what  happens  when  nonfat  dry  milk  is  added  to  a  flour  dough  are 
not  fully  known  because  of  the  extreme  complexity  of  the  system. 

Absorption  and  Dough  Strengthening.-Properly  processed  nonfat  dry 
milk  appears  to  act  as  a  strengthening  agent  to  flour  proteins.  This  mani¬ 
fests  itself  in  increased  loaf  volume  and  is  more  evident  when  milk  solids 
are  used  with  medium  strength  flours  than  with  strong  flours.  While 
unheated  whey  proteins  are  generally  associated  with  undesirable  effects 
on  the  gluten  structure  of  doughs,  the  casein  fraction  of  nonfat  dry  milk 
contributes  to  proper  absorption.  Properly  heat  treated  milk  will,  in  fact 
carry  100  to  125  per  cent  of  its  weight  in  water  as  compared  to  58  to  64 
per  cent  for  most  bread  flours.  This  higher  absolution  characteristic  of 
milk  is  of  definite  economic  significance  when  considering  the  level  o 
milk  solids  to  use  in  any  baked  product.  Indeed  it  is  a  factor  to  be 
considered  when  evaluating  different  sources  of  milk  solids  for  bakery 

Mixing  Tolerance.— With  modern  high  speed  mixers,  improved  gran  , 
texture,  color,  and  eating  qualities  of  bread  can  be  achieved.  Increasec 
absorption  can  also  add  to  bread  yields  if  optimum  mixing  tunes  are 
adhered  to.  The  inclusion  of  nonfat  dry  milk  will  result  m  doughs 
which  are  more  tolerant  to  over-mixing  than  water  doughs.  Milk  doug  is 
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little  evidence  of  over-mixing  by  the 


will  recover  more  rapidly  and  show 
time  they  reach  pan  stage. 

Fermentalion.-Diiring  lermenlation  there  is  a  definite  increase  in 
dough  acidity.  The  addition  of  nonfat  dry  milk  to  a  dough  will  usually 
slow  down  this  acid  development  resulting  in  lower  acidities  than  with 
corresponding  water  doughs  throughout  the  entire  fermentation  period. 
These  lower  acidities  are  due  largely  to  the  buffering  action  of  the  milk. 
Since  milk  doughs  will  average  pH  5.5  and  water  doughs  5.1,  it  is  reason¬ 
able  to  expect  that  diastases  with  an  optimum  pH  range  in  the  order  of 
4.7  would  be  somewhat  slowed.  The  addition  of  diastatic  malt  in  con¬ 
junction  with  nonfat  dry  milk  can  result  in  a  very  marked  improvement  in 
baking  performance  when  flours  of  low  diastatic  activity  are  involved. 

Nonfat  dry  milk  will  generally  result  in  extended  fermentation  times  in 
bread  doughs.  This  extended  fermentation  tolerance  is  a  definite  advan¬ 
tage  in  bread  production  in  that  the  milk  acts  as  a  dough  stabilizer  per¬ 
mitting  the  production  of  satisfactory  bread  through  a  longer  fermentation 
period.  It  is  important,  however,  that  milk  doughs  be  given  sufficient 
fermentation  time  and  not  be  taken  on  the  “young”  side. 

Color.— Nonfat  dry  milk  has  been  recognized  as  contributing  to  a  golden 
brown  crust  color  of  finished  baked  bread.  Toasting  qualities  are  likewise 
somewhat  improved  in  milk  bread  as  compared  to  water  bread.  While 
this  characteristic  has  been  attributed  to  the  lactose  content  of  the  milk, 
it  is  possible  that  lactose,  caseins  and  whey  proteins  all  contribute  to 
browning  in  some  degree. 

Grain  and  Texture.  The  grain  and  texture  of  the  finished  bread  are  also 
improved  by  the  use  of  nonfat  dry  milk.  A  soft  velvety  texture  and  a  grain 
of  small  unif  orm  cells  characterize  the  crumb  of  milk  bread.  This  "con¬ 
tributes  to  improved  crumb  color  in  that  the  finer  texture  and  small  cell 
structure  create  the  light  velvety  appearance.  Slicing  quality  is,  in  turn, 
improved  as  a  result  of  the  uniformity  of  grain  and  texture. 

Loaf  Volume.- While  loaf  volume  can  be  achieved  in  a  number  of  ways 
t  le  proper  incorporation  of  milk  in  dough  will  result  in  increased  loaf 
volume  Experimental  bake  tests  with  good  milk  will  consistentlv  show 
a  o  to  10  per  cent  increase  in  loaf  volume.  In  commercial  production 
however,  this  increase  in  loaf  volume  is  relatively  minor 

Keeping  Quality.-Bread  staling  involves  many  factors  other  than  mois- 
content  The  higher  moisture  content  of  milk  bread  permits  it  to 
lemam  soft  tor  longer  periods  than  bread  made  without  milk  and  there- 

longer  keeping  rp.ality.  There  is  little  eviiloice  to 


relate  milk  content  to  rate  of  mold  development  in  bread  SI 

. . 
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Nutrition.— ^’lH'  nutritional  iinprovcinent  of  broad  as  a  rosnlt  of  tbo 
incorporation  of  nonfat  dry  milk  lias  boon  tbo  snbjoct  of  nninorous  in¬ 
vestigations.  It  is  gonorally  agreed  that  tin’  liberal  use  of  milk  in  bakery 
products  brings  about  nutritional  improvements  that  could  be  secured  in 
no  other  wav.  Water  bread  is  known  to  be  rich  in  carbohydrates  and  low 
in  minerals,  proteins  and  vitamins.  It  is  relatively  simple  by  the  use  of 
any  form  of  milk  to  increase  the  mineral  content  of  bread,  to  improve  its 
protein  quality  and  to  supplement  its  carbohydrates.  Indeed,  the  inclu¬ 
sion  of  nonfat  dry  milk  in  bread  will  complement  the  nutrients  of  water 
bread  to  produce  a  loaf  of  near  perfect  dietary  quality. 

Wheat  flour  is  generally  considered  to  be  deficient  in  the  essential 
amino  acids,  lysine,  tryptophan  and  methionine.  The  inclusion  of  milk 
solids  at  a  si.x  per  cent  level  will  increase  the  lysine  content  of  bread  by 
46  per  cent,  the  tryptophan  by  10  per  cent  and  the  methionine  by  23  per 
cent.  Nutritionists  have,  for  years,  contended  that  calcium  and  riboflavin 
are  two  nutrients  most  likely  to  be  deficient  in  the  American  diet.  In  this 
respect,  the  use  of  si.x  per  cent  nonfat  dry  milk  in  bread  will  increase  the 
calcium  content  by  66  per  cent  and  the  riboflavin  by  13  per  cent.  From 
this  it  is  apparent  that  liberal  use  of  milk  solids  could  result  m  a  loaf  of 
bread  jiistifving  sensational  dietary  claims. 


'Table  38 


ESSENTIAL  AMINO 

(gm.  per 

ACID  CONTENT  OE 
100  GM.  OE  EDIBLE 

DAIRY  PRODUCTS' 
PORTION  ) 

Dry 

Whole  Milk 

Nonfat 
Dry  Milk 

Casein 

Dry  Whey 

Isoleucine 

Leucine 

Lysine 

Methionine 

Phenylalanine 

'Threonine 

'Tryptophan 

Valine 

1.648 

2.535 

2.009 

.632 

1.251 

1.191 

.364 

1,774 

2.271 

3.493 

2.768 

.870 

1.724 

1.641 

.502 

2.444 

6.550 

10.048 

8.013 

3.084 

5.389 

4.277 

1.335 

7.393 

.734 

1.043 

.769 

.188 

.323 

.677 

.147 

.640 

*  Anon.  1  957. 


It  shoiikl  be  mentioned  here  that  the  amino  acid  tryptophan  has  heeii 
demonstrated  to  be  a  precursor  of  niacin  in  man  as  well  as  in  inany  other 
.species.  In  the  light  of  this  information,  it  has  been  recommended  (Anon. 
19.57)  that  the  niacin  content  of  milk  and  other  food  mateiias  e  e.\- 
pressed  as  “niacin  equivalent.”  This  value  includes  the 
the  tryptophan  plus  the  actual  niacin  content  of  food.  Such  a  ca  c  < 
will  give  the  nonfat  solids  of  milk  a  “niacin  equivalent’  of  9.4  mg.  per  100 
gm.  as  compared  to  1.1  mg.  per  100  grams  as  listed  m  most  earliei  h  . 
ture.  Table  38  summarizes  the  amino  acid  contents  of  dairy  pioc  u  . . 
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Flavor  and  Eating  Quality.-Perhaps  the  greatest  advantage  of  milk 
:olids  in  bread  and  the  one  which  is  of  immediate  interest  to  commercial 
Dakers  is  the  improved  eating  quality  of  bread  made  with  milk.  Care- 
■uWy  controlled  studies  of  the  acceptability  of  milk  versus  water  bread 
lave  been  made  by  a  number  of  workers  in  different  sections  of  the  coun- 
:ry.  The  data  of  one  of  these  studies  from  a  Califoniia  boy’s  school  are 
ypical  of  these  results  ( Jack  and  Haynes  1951 ) : 


INCREASED  CONSUMPTION  AS  RELATED  TO  MILK  LEVEL  IN  BREAD 


Level  of  Nonfat 

Dry  Milk, 

Per  cent 

Increased  Consumption 

Over  Water  Bread, 

Per  cent 

0 

6.0 

4.4 

10.0 

7.5 

14.0 

12.6 

Of  interest  in  relation  to  the  above  data  is  a  recent  report  ( Rogers  and 
Belton  1959)  showing  excellent  eating  quality  for  bread  containing  25.0 
Der  cent  nonfat  dry  milk  in  the  foiTnula.  This  leads  one  to  speculate 
ibout  the  possibilities  of  fonnulations  of  this  nature  for  the  production  of 
jpeciality  high  protein  loaves  and  other  types  of  dietary  baked  goods. 

Milk  Solids  in  Cakes.— Typical  milk  solids  levels  in  different  classes  of 
iake  vary  from  0  per  cent  in  sponge  and  angel  food,  up  to  4  to  8  per  cent 
n  devil  s  food  and  chocolate,  to  10  to  12  per  cent  in  white  and  yellow 
ayer  cakes.  Milk  solids  in  cakes  are  credited  with  ( 1 )  contributing  to 
greater  moisture  retention,  and,  therefore,  longer  apparent  freshness  and 
ceepmg  quality;  (2)  improved  appearance  and  crust  color  and  absence  of 
;reasmess;  (3)  improved  flavor,  richness  and  taste  appeal;  and  (4)  im- 
Droved  nutritional  value. 


Dry  buttermilk  works  especially  well  in  devil’s  food  and  other  choco- 

ate  cake  mixes.  The  milk  fat  content  and  the  lecithin  of  the  buttermilk 

seems  to  complement  and  mellow  the  chocolate  flavors  to  produce  cake 

vh.ch  .5  somewhat  different  but  very  pleasing  in  taste  and  appearance. 

r\  buttennilk  may  be  tised  interchangeably  with  nonfat  dry  milk  in  this 
type  cake  fonnula.  ^ 

There  is  some  evidence  (Hanning  and  deGoumois  19.52)  that  the  use 
>f  whey  .solids  results  in  cakes  of  improved  flavor  and  moistness  as  com- 
?are<  to  those  made  from  nonfat  dry  milk.  In  these  same  studies  it  was 
)und  that  whey  solids  could  he  substituted  for  a  part  of  the  fat  in  the 
mmula  without  having  any  detrimental  effect  on  texture,  tenderness  or 


4’liei 


•e 


IS  little  published  evidence  on  the  effect  of  specific  heat  treat- 
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Courtesij  of  C,  E,  Rogers  Co, 

Fig.  29.  A  Modern  Spray  Drier  for  Nonfat  Dry  Milk 


ments  on  the  suitability  of  dry  milks  or  wheys  in  their  performance  in 
cake  batters.  Different  commercial  users  prefer  products  which  have 

received  opposite  extremes  of  heut  tieatmeiit. 

Milk  Solids  in  Doughnuts.-Little  information  is  available  in  the  litera¬ 
ture  regarding  specific  requirements  for  nonfat  diy  milks  usee  in  c  oug 
nuts  and  doughnut  mixes.  There  is  a  general  concern  about  absorption 
qualities  with  a  tendency  towards  selecting  milk  solids  of  relatively  hig 
water  absorption  values  for  this  use.  There  is  likewise  general  concern 
about  low  fat  absorption  with  attempts  to  achieve  this  through  pioper 
selection  of  ingredients. 

Bacteriology 

The  heat  treatment  which  milk  receives  in  processing  has  a 
elfect  on  its  bacteriological  quality.  Raw  or  unheated  mi  k  can  cm  . 
appreciable  numbers  of  many  types  of  bacteria.  While  the 
these  are  noii-pathogeiiic  organisms  of  the  lactic  acic  ’  .  j 

iim  to  ureclude  the  presence  of  pathogens  as  well.  Pasteuiuation  has 

been  employed  to  virtually  guarantee  the  ilestruction 
ganisms  in  most  dairy  products.  The  heat  treatment  of  1>-  -in  <  '■ 
destroys  all  pathogens  and  most  lactic  acid  producers  f 

better  than  99  per  cent  reduction  in  total  bacteria  counts  on  pasteiiiiz 
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dairy  products.  Consccpicntlv,  Standard  Plate  Caiimts  of  pasteurized 
dairy  products  should  be  well  Indow  2(),()()()  pc'r  lul.  of  product.  Any 
reniainiug  organisms  are  largelx’  spore  lormers  and  ihei  model  ic  oi  tlu  imo 

philic  types. 

Heat  treatments  considerably  above  pasteurization  are  employed  m  the 
processing  of  most  concentrated  and  dry  milk  products.  As  a  matter  of 
fact,  there  are  commercial  processes  which  will  render  many  of  these 
products  virtually  sterile  or  at  least  reduce  bacteria  populations  to  ex¬ 
tremely  low  numbers.  Bakers  and  technical  bakery  personnel  may,  on 
occasion,  have  need  for  dairy  products  with  some  of  these  very  specifie 
bacteriologic  qualities.  Many  of  the  larger  dairy  processing  firms  are  well 
qualified  to  advise  and  assist  bakery  technicians  with  special  product 
problems  of  this  nature.  In  such  instances,  it  is  suggested  that  the  baking 
technologists  seek  this  infonnation  from  the  dairy  technologists  so  as  to 
arrive  at  final  products  and  quality  standards  that  are  adequate  for  the 
special  needs  of  the  baker  and  yet  are  practical  and  compatible  in  terms 
of  basic  dairy  processing. 

PHYSICAL  CHARACTERISTICS  OF  THE  VARIOUS  FORMS  OF  MILK 

Whole  milk  and  milk  products  may  be  classified  in  three  categories 
depending  on  their  physical  form:  (1)  fluid  milk  products;  (2)  concen¬ 
trated  milk  products;  and  (3)  dried  milk  products. 

Fluid  Milk  Products 

Fluid  milk  products  include  whole  milk,  skimmilk,  buttermilk,  and 
whey.  These  products  are  characterized  by  containing  relativelv  large 
percentages  of  water  (see  Table  39).  They  are  bulkv  and  require  exten¬ 
sive  storage  facilities.  They  are  quite  perishable  and  must  be  kept  under 
refrigeration.  Further,  because  of  their  great  bulk  and  perishability, 
storage  and  freight  costs  are  high,  thus  making  them  relatively  high  cost 
ingiedients,  except  in  areas  where  local  supplies  mav  lend  themselves  to 
bakery  usage.  The  keeping  qualities  of  fluid  milk  products  must  be  meas¬ 
ured  in  terms  of  days,  even  under  ideal  production,  transportation  and 
storage  conditions.  For  these  reasons,  the  economic  significance  of  fluid 
milks  as  bakery  ingredients  is  indeed  small. 

Concentrated  Milk  Products 

Concentrated  milks  inclnde  whole  milk,  skimmilk,  buttermilk,  and 

T  hie  Ti'  “  "’7"'  ‘■emoved  (see 

ha  Lf  ■  “condensed”  if  only  water 

lias  been  ro,nove<l,  sweetene<l  condensed”  if  snerose  has  been'  added 
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Tabi-K  39 


APPROXIMATE  COMPOSIIION  Ol-  DAIRY  PRODUCHS  AVAILABLE  FOR  BAKERY  DSE' 


Product 


Fluid  whole  milk 
Fluid  skim 

Cream  20  per  cent  butterfat 
Cream  30  per  cent  butterfat 
Cream  40  per  cent  butterfat 
Plastic  cream,  80  per  cent  butterfat 

Milkfat  (butteroil) 

Butter  (unsalted) 

Butter  (salted) 

Buttermilk 

Cheddar  cheese 

Cheese  whey 

Process  American  cheese 

Dry  whole  milk  28  per  cent  butterfat 
Dry  whole  milk  26  per  cent  butterfat 
Nonfat  dry  milk 
Dry  buttermilk  solids 
Hiejh  acid  buttermilk  solids  (5.0  per  cent 
lactic  acid) 

Dried  whey 

Plain  cond.  whole  milk 
Plain  cond.  skim  milk 
Plain  cond.  whey 
Evaporated  milk 

Sweetened  cond.  whole  milk  (42.0  per 
cent  sucrose) 

Sweetened  cond.  skim  milk  (42.0  per  cent 
sucrose) 

Sweetened  cond.  whey  (38.0  per  cent 
sucrose) 

Lactose 

Sodium  caseinate 


Butter 

Fat 

Protein 

Milk 

Sugar 

Minerals  Water 

3.9 

3.5 

4.9  . 

.7 

87.0 

.1 

3.5 

5.1 

.8 

90.5 

20.0 

2.9 

4.0 

.6 

72.5 

30.0 

2.5 

3.6 

.5 

63.4 

40.0 

2.1 

3.1 

.5 

54.3 

80.0 

.7 

1  .0 

.2 

18.1 

99.9 

.0 

.0 

.0 

1 

81  .0 

.6 

.4 

.5 

17.5 

81  .0 

.6 

.4 

2.5 

15.5 

.  1 

3.5 

5.1 

.8 

90.5 

32.2 

25.0 

2.1 

3.7 

37.0 

.3 

.9 

5.1 

.5 

93.2 

29.9 

23.2 

2.0 

4.9 

40.0 

28.7 

25.2 

36.9 

6.0 

3.2 

26.7 

25.8 

38.0 

6.0 

3.5 

1  .0 

35.6 

52.0 

7.9 

3.5 

5.0 

34.7 

49.0 

7.8 

3.5 

5.0 

34.5 

43.7 

7.8 

4.0 

1.2 

12.5 

72.4 

7.7 

6.2 

8.5 

7.8 

11.9 

1.8 

70.0 

.2 

11.1 

16.2 

2.5 

70.0 

.6 

10.1 

51.3 

6.0 

32.0 

7.9 

7.0 

9.9 

1.5 

73.7 

8.6 

7.7 

12.2 

1.6 

27.9 

2 

11.1 

16.2 

2.5 

28.0 

.3 

5 . 6 

28.7 

3.4 

24.0 

99.85 

.1: 

1.5 

90.0 

1.0 

4.0 

3.5 

*  Anon.  1  950. 


and  water  removed,  and  “evaporated”  if  water  lias  been  removed  ami 
the  end  product  canned  and  sterilized  to  destroy  all  living  organisms.  In 
concentrated  milk  products  the  increased  total  solids  content,  with  the 
obvious  concentration  of  lactose,  plus  added  sugai  in  some  instance  , 
results  in  finished  products  which  have  keeping  qualities  varying  troin 
weeks  to  months.  Thev  also  occupy  considerably  less  storage  space  and 
can  consequently  he  transported  relatively  great  distances.  Generally, 
however,  refrigeration  and  rather  careful  supply  arrangements  and  in- 
ventorv  control  are  required  to  incorporate  concentrated  milks  in  a 
bakerc-’  production  program.  Concentrated  milk  products  are  genem  y 
viscous  fluids  which  lend  themselves  to  certain  bulk  handling  and  hqu 

'^'m'irT Inducts  such  as  cream,  butter,  cheese,  and  cottage  cheese  are 
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concentrated  in  the  sense  that  butterfat  and  or  solids  not  fat  have  been 
increased.  In  commercial  terminology,  however,  they  are  not  usually 
included  in  this  category. 

Dried  Milk  Products 

Dried  milk  products  represent  the  same  products  as  discussed  under 
fluids  and  concentrates  except  that  they  have  had  practically  all  of  their 
moisture  removed  and  are  characterized  as  powders.  These  products 
far  exceed  the  fluids  and  concentrates  in  commercial  significance  to  the 
baker.  They  have  the  advantages  of  occupying  a  minimum  of  storage 
space,  having  very  lengthy  keeping  quality,  and  requiring  no  refrigera¬ 
tion.  These  advantages  lend  themselves  to  dependability  and  uniformity 
of  supply,  ease  of  inventory  control,  plus  uniformity  of  quality  and  rela¬ 
tively  stable  pricing. 


Fig.  30.  Flow  Diagham  for  Roller  and  Spray  Process 

Milk  Powiier 


^-''7  f'™  general  fonns;  either  as  sprav  dried  or 

lull  lowei  man  t.  The  sprav  drv  ng  process  results:  J.i 
powder  w.th  relatively  little  apparent  heat  da.nage.'in  rero:::;;!.;: 


118 


BAKKKY  tec;iin()i.(x;y  and  engineering 


Courtesii  of  Central  Scientific  Co. 

Vie..  31.  An  Infrared  Moisture  Meter  for  Rapid  Moisture  Deter¬ 
minations  ON  Nonfat  Dry  Miek 


witli  water  all  of  the  proteins  remain  in  suspension  and  flavor  qualities 
are  of  a  bland  to  mild  cooked  nature.  The  powder  particles  are  genendly 
spherical  in  shape,  and  range  from  less  than  10  microns  np  to  about  l.^ti 

Holler  dried  products  are  produced  by  flowing  milk  in  a  thin  film  ( 
steam  heated  rolls.  The  dried  film  is  continuously  removed  from  the  i 
by  scraper  blades  and  the  milk  film  pulverized  to  varying  degrees  to  ,no- 

diice  roller  process  powder.  In  the  course  of  drying,  t  ns  m  o  i 

e  posed  to  emperatnres  somewhat  in  excess  of  with  conseqinn  t 

denatnration  of  much  of  the  protein  system  of  the  milk  -•  '"f 
The  roller  process  results  in  powder  with  coiisidei  able  coo  ec 
slight  scorched  flavor.  On  reconstitution  a  large  portion  o  the  i 
dots  not  remain  in  suspension  and  settles  to  the  bottom  'J*  ^ 

Holler  process  powder  particles  may  vaiy  fiom  very  sma  i 
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large  Hakes  eas; 

size  range  of  tl.. . .  - 


satisfy  different  users. 

Aside  from  tlie  general  elassifieation  of  Hnids,  eoiieeiitrates,  and  pow¬ 
ders,  milk  products  for  use  in  baking  are  available  in  many  forms.  Many 
of  these  have  been  standardized  to  the  degree  that  they  are  commercial 
products,  defined  by  standards  of  identity,  act  of  Congress,  or  by  industry 
established  standards.  Others  fall  in  the  category  of  being  specialty  prod¬ 
ucts  of  compositions  to  satisfy  the  needs  of  individual  users.  Still  otheis 
may  be  classified  as  mixtures  of  milk  ingredients  and  any  number  of  re¬ 
lated  food  materials  and  may  bear  trade  names  which  are  often  associated 
with  commercial  secrecy  and  sometimes  enjoy  varying  degrees  of  patent 
protection. 

Table  39  summarizes  the  composition  of  the  more  important  com¬ 
mercially  available  dairy  products  and  shows  their  typical  composition. 

As  a  general  guide  it  can  be  assumed  the  baking  behavior  of  any 
of  the  dairy  products  listed  in  Table  39  can  be  predicted  on  the  basis 
of  its  composition  (see  page  116).  Products  such  as  dry  whole  milk, 
cream  or  butter,  for  example,  will  contribute  to  the  finest  flavor  as  a  re¬ 
sult  of  their  high  butterfat  content.  Nonfat  dry  milks,  on  the  other  hand, 
will  carry  the  characteristics  of  milk  proteins  and  lactose,  whereas  wheys, 
lactose  or  caseinates  must  be  considered  on  the  basis  of  their  respective 
major  food  constituents.  Further,  the  moisture  content  of  all  products 
must  be  considered  in  balancing  formulas  and  in  calculating  costs. 

Nonfat  Dry  Milk.— Nonfat  dry  milk  is  defined  as  the  product  result¬ 
ing  from  the  removal  of  fat  and  water  from  milk,  and  contains  the  lac¬ 
tose,  milk  protein  and  milk  minerals  in  the  same  relative  proportions  as 
ill  the  fresh  milk  from  which  made.  It  contains  not  more  than  five  per 
cent  by  weight  of  moisture.  The  fat  content  is  not  over  one  and  one-half 
per  cent  by  weight  unless  otherwise  indicated.  Nonfat  dry  milk  is 
available  as  either  spray  or  roller  process  (see  p.  117).  It  is  available  in 
either  Extra  Grade,  indicating  the  highest  quality,  or  Standard  Grade, 
if  it  fails  to  meet  the  Extra  Grade  requirements. 


EXTRA  GRADE  REQUIREMENTS  OF  NONFAT  DRV  MILK 


Spray  Process 
(Not  greater  than) 


Roller  Process 
(Not  greater  than) 


Butterfat 

Moisture 


1 . 25  per  cent 
4  0  per  cent 
0.15  per  cent 
15.0  mg. 


1  25  per  cent 
4.0  per  cent 
0.15  per  cent 
22 . 5  mg. 


Titratable  acidity' 
Scorched  particle 
Solul)ility  index' 
Bacterial  estimate 


50,000  per  gram 


1.25  ml. 


50 . 000  per  gram 


15.0  ml. 


'  Determination  made  upon  reliqiiified  sample. 
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Dry  Whole  Milk.— Dry  whole  milk  is  the  product  resulting  from  llie 
removal  of  water  from  milk  aud  contains  not  less  than  26  per  cent  milk 
fat  and  not  more  than  four  per  cent  moisture.  It  is  available  as  cither 
spray  or  roller  process  (see  p.  117),  though  spray  process  is  of  greater 
economic  significance.  Dry  whole  milk  is  available  in  either  Extra  Grade, 
indicating  the  highest  quality,  or  Standard  Grade,  if  it  fails  to  meet  Extra 
Grade  requirements. 


EXTRA  GRADE  REQUIREMENTS  OE  DRV  WHOLE  MILK 


Spray  Process 

Roller  Process 

Butterfat  (not  less  than) 

26 . 00  per  cent 

26 . 00  per  cent 

Moisture  (not  more  than) 

2 . 50  per  cent 

3 . 0  per  cent 

Titratable  acidity'  (not  more  than) 

0.15  per  cent 

0.15  per  cent 

Bacterial  estimate  (not  more  than) 

50,000  per  gm. 

50,000  per  gm. 

Solubility  index  (not  more  than) 

0 . 50  ml. 

15.00  ml. 

Scorched  particle  (not  more  than) 

15.0  mg. 

22 . 5  mg. 

Copper 

1 . 5  p.p.m. 

1  . 5  p.p.m. 

Iron 

10.0  p.p.m. 

Flavor-odor 

Normal 

Normal 

Color 

Normal 

Normal 

1  Determination  on  reliquified  sample. 


Dry  Buttermilk  Solids.-Dry  buttermilk  solids  is  the  product  resulting 
from  the  removal  of  water  from  liquid  buttennilk  derived  from  the  manu¬ 
facture  of  butter  It  shall  contain  not  less  than  four  and  one-half  per 
cent  butterfat  and  not  more  than  five  per  cent  moisture.  Dry  buttermilk 
is  available  in  either  spray  or  roller  process  and  is  graded  as  Extra  Grade, 
indicating  the  highest  quality,  and  Standard  Grade  for  product  failing 
to  meet  these  requirements. 


EXTRA  GRADE  REQUIREMENTS  OF  DRV  BUTTERMILK  SOLIDS 

Spray  Process  Roller  Process 


Butterfat  (not  less  than) 

Titratable  acidity^  (not  less  than) 
(not  more  than) 
Bacterial  estimate  (not  more  than) 
Scorced  particles^ 

Alkalinity  of  ash^ 

Moisture  (Not  more  than) 
Solubility  index' 

»  Determination  made  upon  reliquified  .sample. 

2  Milliliters  of  0.1  N  HCl  per  100  gm. 


4 . 50  per  cent 
0.10  per  cent 
0.18  per  cent 
50,000  per  e^m 
15.0  mg. 

125  per  ml. 

4 . 00  per  cent 
1 . 25  ml. 


4 . 50  per  cent 
0.10  per  cent 
0.18  per  cent 
50 , 000  per  gm 
22 . 5  mg. 

125  per  ml. 
4.00  per  cent 
15.0  ml. 


High  Acid  Buttermilk  Powder.— High  acid  buttermilk  powder  (or  cul¬ 
tured  buttermilk  powder)  is  tlie  product  resulting  from  the  drying  ot 
liquid  buttermilk  which  lias  been  cultured  to  produce  the  desired  acidity 

prior  to  drying. 
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EXTRA  GRADE  REQUIREMENTS  OF  HIGH  ACID  BUTTERMILK _ 

Butterfat  (not  less  than )  4  5  per  cent 

Titratable  acidity'  (not  less  than )  -50  per  cent 

M oisture  (not  more  than) _ _ 5 . 0  per  cen _ _ 

>  Determination  on  reliquified  sample. 

Dry  Whey.-Dry  whey  is  the  product  resulting  from  spray  drying  sweet, 
fresh,  cheese  whey  which  has  been  pasteurized  eithei  before  or  during  the 
process  of  manufacture  at  a  temperature  of  143°F.  for  30  minutes  or  its 
equivalent  in  bacterial  destruction  and  to  which  no  chemical  has  been 
added. 


U.  S.  EXTRA  GRADE  REQUIREMENTS  OF  DRY  WHEY 


Butterfat  content 
Moisture  content 
Scorched  particle  content 
Solubility  index' 
Titratable  acidity' 
Alkalinity  of  ash 
Flavor  and  odor 
Bacterial  estimate 
Physical  appearance 


Not  more  than  1 .25  per  cent 
Not  more  than  5.00  per  cent 
Not  more  than  15.0  m^. 

Not  more  than  1.25  ml. 

Not  more  than  0.16  per  cent 

Not  more  than  225  ml.  0.1  N  HCl  per  100  gm. 

Free  from  non-whey  flavors  and  odors 
Not  more  than  50,000  per  gm. 

Has  a  uniform  light  color;  free  from  lumps  that  do  not 
break  up  under  moderate  pressure;  and  practically  free 
from  brown  and  black  scorched  particles 


1  Determination  on  reliquified  sample. 


Lactose.— Lactose  is  the  pure  crystalline  sugar  obtained  from  milk.  Its 
chemical  and  physical  specifications  are  as  follows  ( Reger  1957 ) : 


Moisture 
Acidity,  as  lactic 
Lactose,  monohydrate 
Protein  (N  x  6.25) 

Ash 

Fat  (ether  extractable) 


Not  more  than  1.50  per  cent 
Not  more  than  .04  per  cent 
Not  less  than  98.0  per  cent 
Not  more  than  0.30  per  cent 
Not  more  than  0.4  per  cent 
Not  more  than  0.25  per  cent 


Edible  Sodium  Caseinate.-Edible  sodium  caseinate  (Anon.  1958)  is 
the  product  resulting  from  the  acid  precipitation  of  casein  from  fresh 
skimmilk.  This  precipitate  is  redispersed  by  the  addition  of  mild  alkalies 
and  the  moisture  removed  by  spray  drying.  This  product  has  the  follow¬ 
ing  chemical  and  physical  specifications: 


Protein  (N  x  6.38) 

Fat 

Ash 

Moisture 

Reducing  substances 
pH  (2  per  cent  solution) 
Sodium 

Color,  flavor  and  odor 
Particle  size 
Sediment 
Bacteria 

Standard  plate  count 
'Fhermophilc  count 
Yea.st  and  mold 
Coliform 


90.0  per  cent 

1.5  per  cent 
4.0  per  cent 

3.5  per  cent 

2  per  cent  (maximum) 

6.4-6.8 

1.5  per  cent 

Cream  white,  bland  and  clean 
Through  100  mesh 
1  5.0  mgs. 

Less  than  30,000  per  gm. 

Less  than  20,000  per  gm. 

Less  than  100  per  gm. 
Negative 
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GENERAL  QUALITY  TESTS  EOR  MILK  AND  MILK  PRODUCTS 

Each  type  of  milk  has  its  own  peculiar,  yet  important  specifications. 
There  are  certain  of  these  that  are  common  to  all  types  of  milk  and  are 
indicative  of  the  over-all  quality,  the  quality  of  the  processing  or  the 
quality  of  the  original  raw  material  used.  References  are  cited  for  each 
of  these  methods  for  specific  details  of  methodology  (Anon.  1949). 

Butterfat 

Commercially,  the  butterfat  content  of  most  liquid  dairy  products  is 
detemiined  by  the  Babcock  Test.  This  test  involves  a  volumetric 
measurement  of  the  fat  present  in  a  previously  weighed  or  measured 
portion  of  fluid  after  the  digestion  of  milk  proteins  by  sulfuric  acid. 

The  somewhat  more  precise  technique  for  butterfat  determination  in¬ 
volves  the  ether  e.xtraction  of  the  fat  with  evaporation  of  the  extracting 
solvent,  and  diving  of  the  extracted  fat  in  a  vacuum  oven,  with  final 
gravimetric  determination  of  dry  fat  from  a  given  weight  of  sample. 

Since  milk  fat  or  butterfat  is  the  most  costly  milk  constituent,  the  pricing 
of  any  milk  product  is  necessarily  based,  to  a  large  degree,  on  its  fat  con¬ 
tent. 


Moisture 

While  vacuum  oven  techniques,  with  drying  to  constant  weight,  are 
the  most  widely  accepted  techniques  for  determining  moisture  content, 
there  are  other  more  rapid  methods  that  may  be  used  under  vaiAung  condi¬ 
tions,  and  where  official  accuracy  is  not  required. 


Lactometer.— The  lactometer  is  a  hydrometer  calibrated  to  read  in  teims  of 
the  specific  gravity  of  fluid  milk  products  (Anon.  1949).  Under  constant 
temperature  conditions  fluid  milk  products  of  known  fat  content  will  vaiy 
in  specific  gravity  depending  on  their  solids-not-fat  and  (by  diffeience)  tieii 
moisture  content.  This  method  is  commonly  used  for  production  control  pin- 

poses  in  fluid  and  concentrated  milk  products. 

Toluol  Distillation.-This  method  for  moisture  determination  is  hasccl  on  tiie 

evaporation  of  water  from  a  known  weight  of  dry  milk  product  (Anon  IJ  )• 
This  moisture  is  in  turn  condensed  and  measured  \'olumetrically.  Toluol  having 
a  hoiling  point  somewhat  above  that  of  water  is  used  as  the  heat  tians  ei  mec  la 
for  this  purpose.  This  is  the  commercial  test  commonly  used  for  moisture 
determination  in  dry  milks.  High  moisture  content  (above  four  per  cent)  m 
dry  milk  products  will  cause  rapid  flavor  deterioration,  possible  browning  ot 
product,  and  lumping.  Low  moisture  content  (below  tour  per  cent)  of  dry 
milks  is,  in  fact,  fundamental  to  their  over-all  utility  value. 

Infrared  Moisture  Meters.-Tliis  moisture  test  depends  on  heat  from  an 
infrared  source  to  rapidly  dry  materials  (usually  powders)  to  constant  weight 
This  technique  is  widely  used  in  production  control  hecau.se  of  its  lapidity 

(five  to  ten  minutes). 
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Acidity  Test 

Essentially  all  fresh  milk  products  are  slightly  acidic.  This  acidity  is 
measured  by  determining  the  quantity  of  standard  alkali  ^ 

tralize  the  aciditv  in  a  given  quantity  of  milk  sample  (Anon.  1  )■  e 

value  is  expressed  as  per  cent  titratable  acidity  calculated  as  lactic  acid. 
Acidities  above  those  known  to  be  normal  for  any  specific  milk  product 
are  indicative  of  bacterial  decomposition  of  the  product;  those  below  nor¬ 
mal  indicate  neutralization. 


Bacteria 

The  bacteriologic  quality  of  milk  products  can  be  estimated  by  one 
or  more  of  three  general  techniques  ( Anon.  1948,  1949 ) : 

Reduction  Tests.-These  are  tests  for  bacterial  activity^  which  can  be^  ap¬ 
plied  to  raw  fluid  milks.  Results  are  expressed  as  hours  reduction  time  le- 
quirecl  for  methylene  blue  or  resazurin  dyes  to  be  reduced  to  colorless  or 
varying  hues  of  color.  These  are  tests  for  bacterial  activity  rather  than  bacteiia 
numhers,  and  are  usually  used  in  grading  of  raw  milk  supplies. 

Microscopic  Clump  Counts.— This  technique  involves  the  staining  and  actual 
counting  of  numbers  of  bacteria  in  a  certain  quantity  of  milk.  These  counts 
are  usually  expressed  as  clumps  per  ml.  (in  the  case  of  fluids)  or  per  gram 
(in  the  case  of  powders).  This  type  of  analysis  will  generally  give  an  esti¬ 
mate  of  total  numbers  of  bacteria  in  a  material,  some  of  which  may  be  live  cells 
and  others  dead.  The  microscopic  clump  count  is  widely  used  for  appraising 
the  bacterial  quality  of  raw  fluid  milk  and  more  recently  has  been  applied  as  a 
test  for  determining  the  processing  history  of  nonfat  dry  milk.  High  microscopic 
clump  counts  of  nonfat  dry  milk  are  generally  indicative  of  poor  quality  raw 
milk  and  / or  poor  manufacturing  practice  in  processing. 

Standard  Plate  Counts.— The  standard  plate  count  is  the  almost  universal 
industry  technique  for  estimating  the  living  bacterial  organisms  in  raw  or 
pasteurized,  fluid,  concentrated,  or  dry  milk  products.  Specifically,  it  esti¬ 
mates  the  number  of  organisms  that  will  grow  in  the  standard  plate  count 
media,  at  92°F.  These  counts  are  expressed  as  organisms  per  ml.  for  fluids 
or  per  g.  for  powders.  Since  a  “plate  count”  is  a  measure  of  viable  organisms, 
it  is  a  quality  criterion  of  particular  concern  in  products  and  processes  where 
cetain  types  of  fermentations,  storage  conditions  or  lengthv  shelf  life  are  in¬ 
volved. 


There  are  numerous  other  tests  for  bacterial  qualitv  where  specific 
organisms  are  involved.  The  coliform  test,  thermophilic  spore  counts, 
and  blood  agar  counts  are  examples  of  these.  Specifications  involving 
such  characteristics  are  often  worked  out  between  the  supplier  and  pur¬ 
chaser  of  milk  products. 

Flavor  and  Odor.-The  flavor  and  odor  of  all  sweet  milk  products 
should  be  bland,  slightly  sweet,  and  free  from  acid,  feed  and  other  for¬ 
eign  flavor  (Anon.  1948,  1949).  Flavor  and  odor  of  drv  milk  products  are 
usually  determined  on  a  reconstituted  basis.  With  certain  types  of  highly 
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liGcited  milk  powdors,  cooked  Iku'ors  of  varying  degree's  are  to  he  I'x- 
pected  and  may  even  he  desirable. 

Scorched  Particles.— The  scorched  particle  test,  formerly  referred  to  as 
a  sediment  test,  involves  the  reconstitution  of  specific  quantities  of  milk  ' 
powders  with  filtration  through  a  one  and  one-fourth  inch  diameter  cotton  ! 
pad  to  determine  the  presence  of  hurned  milk  particles  or  any  other 
extraneous  material  (Anon.  1948).  Modern  drying  techniques  should  | 
produce  powders  with  a  minimum  of  scorched  particles.  i 

Solubility  Index.— The  soluhility  index  test  is  performed  hy  recon-  | 
stituting  known  quantities  of  powders  under  carefully  controlled  condi¬ 
tions  and,  after  centrifuging  to  accentuate  separation  of  insoluhle  mate¬ 
rial,  measuring  the  quantity  of  material  gathering  in  the  bottom  of  a 
centrifuge  tube  (Anon.  1948). 

The  soluhility  index  measures  the  relative  quantity  of  destabilized 
milk  protein  (particularly  casein)  in  dry  milk  powders.  A  high  solubility 
index  can  be  caused  by  excessive  heat  in  drying,  developed  acidity  in  a 
raw  milk  supply,  or  physiologically  unstable  milk.  Roller  process  powders 
are  characterized  hy  high  soluhility  indexes  while  spray  process  powders 
characteristically  have  low  solubility  indexes  (see  p.  119). 

SPECIAL  TESTS  PGR  BAKING  PERFORMANCE 

It  has  been  discussed  earlier  that  milk  powders  used  for  baking  pur¬ 
poses  must  possess  certain  qualities  beyond  the  general  quality  required 
for  Extra  Grade  Powder.  Whey  protein  denaturation  and  its  associated 
chemistry,  water  absorption,  and,  of  course,  final  baking  performance  are 
the  special  qualities  required  in  powders  for  bakery  use. 


Harland-Ashworth  Whey  Protein  Test  ( Kuramoto  et  al.  1959) 

Apparatus  and  Reagents 

Test  tubes.— 25  hy  150  mm.  lipless,  Pyrex  or  soft  glass. 

Funnels.— Diameter,  50  mm.,  stem  length,  65  mm.;  diameter  90  mm.,  stem 
length,  65  mm. 

Filter  paper.— S  &  S  No.  602,  9  cm.,  S  &  S  No.  605,  15  cm.  pleated  hltei 
paper. 

Cuvettes.— Optically  matched. 

Pipettes.— Ostwald-Folin  type  1,  2,  3,  4,  and  5  ml.;  volumetric  5,  10,  20,  and 

100  ml.  f  xTirr^xf 

Balances.-(l)  Analytical  balance  for  weighing  the  2-gm.  sample  of  NPDM. 

(2)  torsion  balance  (±0.1  gm.)  to  weigh  the  .salt  and  the  20  gm.  samples  or 
NFDM. 

Water  bath.— Thermostatically  controlled  to  98.6°F.  (±1  ). 
Spectrophotometer  or  colorimeter.— The  spectrophotometer  or  colorimeter 

being  used  hy  the  individual  laboratory. 
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Saturated  sodium  chloride.-Add  1  kg.  of  cheese  or  stTrdngTo 

of  distilled  water  and  heat  the  mixture  to  neai  boiling,  wi  q 
insure  complete  saturation.  After  cooling  to  ^  er  the  so^u 

tion  through  S  and  S  60.5  pleated  filter  paper.  Do  not  use  sodium  chlo 
containing  anticaking  agents  for  the  preparation  of  this  reagent  or  for  saturat 

HCr'sX'tion  (10  g./lOO  ml.).-23  cone.  HCI,  C.P.  reagent,  plus  77  ml. 

of  distilled  water.  ^  .  i  i  i 

Standard  reference  powders.— Low  heat  NFDM  and  high  heat  NrL)  . 

Nephelometer  standard.-N  equals  78,  Coleman  Instruments,  Inc.,  Chicago, 

Illinois.  ,  c  .,1  1 

Procedure.— Reconstitute  two  grams  of  NFDM  in  20  ml.  of  distilled  water  m 

a  25  by  150  mm.  test  tube.  Add  eight  gm.  of  NaCl,  stopper,  and  place  in  a 
water  bath  at  98.6°F.  for  30  minutes.  Shake  the  contents  of  the  tube  from 
8  to  10  times  during  the  first  15  minutes  of  the  incubation  period,  to  insure 
complete  saturation  of  the  sample  with  NaCl. 

Without  cooling,  shake  mixture  to  facilitate  pouring,  and  filter  through  S 
and  S  No.  602,  9  cm.  filter  paper.  Refilter  through  the  same  filter  paper  if  the 
first  portion  of  the  filtrate  is  cloudy.  Collect  approximately  five  ml.  of  filtrate. 

Pipette  a  one  ml.  aliquot  of  the  filtrate  into  a  cuvette.  Dilute  the  filtrate  with 
ten  ml.  of  saturated  NaCl  solution.  Stopper  the  cuvette  with  a  rubber  stopper 
and  mix  by  slowly  inverting  once. 

Add  two  drops  (delivered  from  a  five  ml.  volumetric  pipette)  of  the  HCI 
solution,  to  develop  the  turbidity.  Stopper  the  cuvette  and  mix  the  acid  with 
the  diluted  filtrate  by  slowly  inverting  twice.  Care  should  be  taken  to  prevent 
the  formation  of  foam. 

Within  5  to  10  minutes  after  adding  the  acid,  invert  the  cuvette  once  again 
and  measure  the  turbidity  in  the  instrument  used  in  the  particular  laboratory, 
with  the  wave  length  set  at  420  millimicrons.  Adjust  the  instrument  to  100  per 
cent  transmittance  with  a  diluted  casein -free  filtrate  made  by  diluting  one  ml. 
of  the  original  filtrate  with  ten  ml.  of  saturated  NaCl  solution. 

Make  duplicate  determinations  on  each  filtrate  and,  for  each  transmittance 
reading,  obtain  a  value  for  serum  protein  nitrogen  from  the  standard  curve, 
fake  an  average  of  the  duplicates  and  report  as  mg.  serum  protein  nitroiien  ner 
gm.  NFDM. 

Duplicates  should  agree  within  two  per  cent  transmittance.  If  they  do  not, 
anothei  pair  should  be  analyzed  and  the  average  of  the  four  determinations 
used  for  the  final  value. 

Preparation  of  Standard  Curve.-Reconstitute  20  gm.  (—0  1  gm  )  each  of 
the  standard  low-heat  NFDM  and  the  standard  high-heat  NFDM  with  exactiv 
IjOO  ml.  of  distilled  water  in  500  ml.  Krlenmeyer  flasks. 

Saturate  each  reconstituted  milk  with  80  gm.  of' NaCl,  stopper  the  flasks 
shake  for  one  minute,  and  incuhate  at  98.6°F.  for  30  minutes.  Shake  the 
mixtures  rom  8  to  10  times  during  the  first  15  minutes  to  insure  complete  sat- 
timipe'-iod'™"'*^  ^  '"‘'''storhed  for  the  remainder  of  the  incuba- 

Without  cooling  or  further  agitation,  except  that  necessarv  to  permit  pouring 
filter Jl^  mixture  through  S  and  S  605,  15  cm.  pleated  filier  paper.  In  e’«es 

from  7..:iu:i;^^  ‘  >• 
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where  the  first  portion  of  tlie  filtrate  comes  tliroiigli  cloudy,  refilter  through 
the  same  filter.  Continue  filtration  until  approximately  100  ml.  of  filtrate  have 
been  collected.  Cover  the  filters  with  a  watch  glass  during  the  filtration,  to 
prevent  excessive  evaporation. 

Pipette  proportions  of  low-heat  and  higli-heat  filtrates  into  25  by  150  mm. 
test  tube.s  as  follows : 


Tube  No. 

Low-Heat  Filtrate, 

Ml. 

Hie;h-Heat  Filtrate, 

Ml. 

1 

10 

0 

2 

8 

2 

3 

6 

4 

4 

4 

6 

5 

2 

8 

6 

0 

10 

Stopper  the  tubes  containing  the  combined  filtrates  and  mix  by  slowly  in¬ 
verting  the  tubes  twice. 

Pipette  one  ml.  alicpiots  of  the  mixed  filtrates  into  cuvettes,  dilute  with  ten 
ml.  of  saturated  NaCl,  and  develop  the  turbidity  as  described  previously. 

Plot  the  standard  curve,  using  serum  protein  nitrogen  values  (Kjeldahl)  per 
gram  of  powder  for  the  horizontal  axis  and  per  cent  transmittance  as  the 
vertical  axis  on  8.5  by  11  inch  graph  paper  (one  mg.  SPN  equals  one  inch,  ten 
per  cent  transmittance  equals  one  inch).  It  is  essential  that  the  difference  in 
transmittance  readings  between  the  low-heat  and  high-heat  filtrates  be  as  large 
as  possible,  preferably  at  least  35  per  cent. 

Day  to  day  reproducibility  of  the  instrument  may  be  checked  by  use  of  a 
uephelometer  standard  (N  ecjuals  78,  Coleman  Instruments,  Inc.). 


Interpretation.— Nonfat  dry  milk  for  which  the  Harland-Ashworth 
Whey  Protein  Nitrogen  test  is  specific,  will  contain  on  the  average  9.12 
mg.  of  serum  protein  per  gram  solids.  The  serum  protein  content  of  law 
skimmilk  in  different  sections  of  the  country  can  vary  between  8.52  mg. 
and  9.96  mg.  per  gram  solids.  Since  denaturation  of  this  whey  piotein 
fraction  is  associated  with  good  baking  quality,  a  high  degree  of  denatui- 
ation  and  low  level  of  undenatured  serum  protein  is  desirable  for  a  yeast 
raised  dough  type  of  product.  Opinions  among  technologists  vary  as  to 
specific  undenatured  whey  protein  values  required  in  the  baking  in¬ 
dustry.  From  experience  it  is  apparent  that  undenatured  whey  protein 
values  of  1.0  mg./gm.  or  lower  are  generally  very  adequate.  Some  data 
(Ashworth  and  Krueger  1951)  would  indicate  that  values  of  2.0  mg./ gni- 
or  below  are  satisfactory  for  most  bread  making  purposes.  It  should 
be  stated,  however,  that  as  whey  protein  denaturation  values  drop  from 
2  0  mg.  to  1.0  mg.  there  is  a  definite  tendency  for  higher  absorption  va  ues 
(n  the  nonfat  dry  milk.  Tentative  standards  for  "high  heat”  or  hakery 
grade  nonfat  dry  milk  have  been  establishetl  by  the  American  Dry  Milk 

Institute  as  1.5  mg.  or  less. 
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(111  lieu  of  the  laboratory  bake  test,  the  Harland  Ashworth  Whey  Pro¬ 
tein  Nitrogen  test  is,  perhaps,  the  most  widely  used  technicpie  for  eval- 

Iuating  baking  quality  of  nonfat  dry  milk.  It  is  used  as  a  control  testing 
procedure  by  most  large  producers  of  nonfat  dry  milk,  as  well  as  by 
technologists  in  the  baking  industry.  It  is  natural,  therefore,  that  it  has 
'  become  a  basis  for  bakeiy  grade  specifications  in  many  segments  of  both 
industries. 

Nonfat  dr\'  milk  processed  with  low  temperature  treatments  will  show 
undenatured  whey  protein  nitrogen  values  in  the  order  of  6.0  to  8.0 
mg./gm.,  indicating  the  rather  substantial  difference  existing  between 

I  high  heat  and  low  heat  nonfat  dry  milks  by  this  analysis. 

The  Harland- Ashworth  Whey  Protein  Nitrogen  test  is  applicable  to 
both  spray  and  roller  process  nonfat  dry  milks.  It  is  also  being  used  to 
:  some  degree  on  dry  buttermilk  solids  for  evaluating  baking  qualitv 
though  no  data  have  been  published  supporting  this  application  as  of  this 
date. 


Fig.  32.  A  Laboratory  for  Routine  Analyses  of  Milk  Powders 


HIoffnian-Dalby  Farinograph  Test 
I  Equipment.— Jirabender  Farinograph. 


\h%hr»r  'n  Laboratorv  .scale  or  balance 

!a  300  l,y  titrating 

•velopmejit  of  500  lli  i'u  '"l  "’ater  until  a  inuximum  dongli  cle- 

.s«l>taiue.l  (n„lf„uu,  ef  „/.  1948).^PIace 

Ean<lacUl,heamo;ng\4watcu- j!npZd  :h:i^ 
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Let  F  be  the  absorption  of  the  flour  in  pereentage  based  on  the  original  titra¬ 
tion  of  the  flour. 

Then  the  pereentage  of  water  to  be  added  to  the  mixture  will  be: 

F  +  65 

2 

(Thus  an  absorption  of  65  per  cent  is  arbitrarily  assigned  to  the  milk) , 

An  average  sample  of  nonfat  milk  solids  when  mixed  with  flour  will  reach 
the  500  line  immediately,  but  within  30  seconds  or  so  the  mixture  will  soften. 
After  10  to  14  minutes  mixing,  the  pointer  will  again  reach  the  500  line.  Then  j 
add  more  water  in  1.5  ml.  portions,  to  hold  the  pointer  on  the  500  line  during 
further  mixing  until  maximum  absorption  is  measured.  Let  X  be  the  final  ab-  ; 
sorption  of  the  mixture;  the  absorption  of  the  nonfat  milk  solids  is:  ' 

Record  two  factors:  (1)  development  period  (the  time  required  in  minutes  for 
mixture  to  reach  a  consistency  of  500  with  the  original  addition  of  water);  and 
(2)  final  absorption  of  milk. 

Spray  Powder 

The  same  basic  procedure  is  used  for  spray  as  for  roller  nonfat  dry  milk  ex¬ 
cept  that  an  original  40.0  per  cent  absorption  is  substituted  for  the  65.0  per 
cent  absorption  for  roller  powder. 

Interpretation  of  Results 

Roller  Process  Powder.— Hoffman  et  ol.  (1948)  reported  the  following 
tentative  baking  quality  ratings  of  milks  from  results  of  farinograph  tests: 


TENTATIVE  QUALITY  RATINGS  OF  MILKS  FROM  RESULTS  OF  FARINOGRAPH  TESTS 


Development  Period 

Under  10  minutes 
10  to  12  minutes 
12  to  16  minutes 
12  to  16  minutes 
Over  16  minutes 


Per  cent  Absorption 


Over  70 
Over  70 
Over  70 
67  to  70 
Under  67 


Ratine; 

Excellent 

Good 

Fairly  good 

Fair 

Poor 


These  general  standards  have  been  used  hy  certain  segments  ot 
the  baking  industry  as  purchase  specifications  foi  lollei  piocess  non  a 
dry  milk.  However,  little  snbstantiating  evidence  has  been  published 

supporting  this  classification.  ^ 

Snray  Process  Powder.-Specific  farinograph  ahsoiption  values 

spniv  process  nonfat  dry  milk  have  not  been  published.  It  .s  known, 
however,  that  low  heat  nonfat  dry  milks  will  exhibit  absorptions  we 
low  40  0  per  cent.  High  heat  powders  will  vary  from  about  40.0  pn 
l;:tto  as  high  as  60.0  per  cent.  Values  of  4.10  to  .50.0  per  cent  are  com- 
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iDoii  lor  liigli  lioat  pow'dors.  Values  ol  50.0  to  5o.O  per  eent  represi'iit 
spray  process  powders  of  relatively  high  absorption.  When  absorption 
values  of  over  55.0  per  cent  are  reached,  this  represents  spray  powders 
of  exceedingly  high  absorption.  These  high  absorptions  are  often,  though 
not  alwavs,  reflected  in  somewhat  high  solubility  index  readings.  It  is 
felt  by  many  that  this  high  solubility  index  is  not  of  great  significance  in 
bakery  type  powder. 

Brookfield  Viscosity  Test  (Nair  1959) 

Apparatus  Required.— ( 1 )  gram  scale;  (2)  Waring  blendor;  (3)  graduated 
cylinder  (500  ml.);  (4)  spatula;  (5)  suction  flasks  (1,000  ml.);  (6)  vacuum 
pump  and  trap  set-up;  (7)  400  ml.  Berzelius  beakers;  (8)  Brookfield  Viscosim¬ 
eter  Model  LVF;  (9)  beakers  (1000  ml.);  and  (10)  watch  glasses  for  1000 
ml.  beakers. 

Reagents  Required.— ( 1 )  distilled  water;  and  (2)  defoaming  agent  (diglycol 
laurate) . 

Method.— (1)  Weigh  143  gm.  of  powder;  (2)  measure  333  ml.  of  distilled 
water  at  77°F.  and  add  water  to  Waring  blendor;  (3)  add  milk  powder;  (4) 
mix  for  ten  seconds;  (o)  stop  mixer  and  scrape  down  adhering  powder  from 
the  sides  of  the  tumbler  with  a  spatula;  (6)  mix  for  two  more  minutes;  (7)  pour 
mixture  into  a  one  liter  beaker  and  cover  with  a  watch  glass;  (8)  place  in  a 
water  bath  at  77  F.  for  two  hours;  (9)  just  before  two  hour  period  ends,  re¬ 
move  foam  with  tablespoon;  (10)  pour  remaining  liquid  carefully  into  the  liter 
suction  flask  and  add  two  drops  of  diglycol  laurate;  (11)  place  flask  under  full 
vacuum  for  a  few  minutes;  hold  vacuum  treatment  to  a  minimum  to  avoid 
moisture  loss;  about  ten  minutes  is  usually  sufficient;  (12)  transfer  sufficient 
iquid  to  the  400  ml.  beaker  to  reach  notch  on  number  one  spindle;  (13)  place 
jea  -er  in  77°F.  water  bath  while  taking  readings;  (14)  level  viscosimeter  and 
allow  to  warm  up  before  taking  readings;  (15)  When  changing  speeds  have 
motor  running  and  hold  clutch  lever  down;  and  (16)  readings  to  be  taken  at  all 
speeds,  but  reported  at  60  r.p.m.  speed  only. 

^  Readings  made  on  100  scale  with  number  one  spindle. 
W  Mult, ply  reading  at  twelve  r.p.m.  by  five;  30  r.p.m.  by  tu  o;  60  r.p  m.  by 

Interpretation.-This  viscosity  test  measmes  the  viscosity  of  30.0  per  cent 
solids  reconstituted  spray  process  nonfat  dry  milks.  Its  application  for  bakinc 
purposes  depends  upon  the  significance  of  higher  viscosities^in  i  fi.ml  ‘  ^ 

C Iry  mix,  or  other  bakery  product.  The  Mscasity  oHow  heal  ntilkstrfah 

!>e7r;Tl.5  amrircernST  Hidf?'-  '"H  usually'yary 

30  centipoises  or  higher  byTh7  tes”.  go  op  to 

signlSmi:  "of  rb‘:o:;7!,n7r  r:x:;;rSy^ 

tion  yalues  are  good  Of  ere,are,  ot?  t  >elat,vely  high  absorp¬ 

tions  is  uniformity  of  7bs1rpti,m  11"  al'‘''f“  1."’ 

consistent  shop  performance  from  hatch  to  batcher  1  7““"“  ’  ®,  “*''™nce  of 
to  another.  ”  “"t'  ftom  one  lot  of  dry  milk 
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The  Laboratory  Bakery  Test 

Since  it  is  impractical  to  evaluate'  nonlat  tlry  milk  solids  in  a  baking 
test  under  commercial  conditions,  a  laboratory  scale  baking  test  possibly 
comes  the  closest  to  approaching  this  goal.  Commercial  baking  proce¬ 
dures  vaiy  in  different  plants  because  of  differences  in  methods,  equip¬ 
ment,  and  customer  preference  in  different  areas  of  the  country.  For  this 
reason  it  is  felt  the  ideal  laboratory  baking  test  is  one  that  will  accentuate 
the  weakness  in  milk  which  is  of  greatest  concern  to  any  specific  type  of 
end  use.  ; 

As  a  general  guide  for  an  experimental  baking  test,  the  American  Dry  i 
Milk  Institute  (Anon.  1956)  has  suggested  the  following  for  the  straight 
dough  or  sponge  dough  method. 

The  only  equipment  needed  for  making  such  experimental  baking  tests 
is  the  small  (C-10)  Hobart  mixer  equipped  with  a  dough  hook,  a  small 
gram  scale,  and  two  or  more  gallon  jars  or  cans.  The  gram  scale  is 
recommended  due  to  the  fact  that  small  amounts  of  some  supplemental 
ingredients  must  be  weighed.  The  experimental  foimula  can  easily  be 
translated  into  the  commercial  size  formula  by  substituting  pounds  for 
grams. 

In  making  the  test,  it  is  customary  to  make  two  separate  doughs  as 
nearly  alike  as  possible.  In  the  experimental  doughs  more  yeast  and 
yeast  food  are  used,  and  the  doughs  are  usually  made  about  one  degiee 
warmer  than  would  be  the  case  in  commercial  procedures.  The  follow¬ 
ing  formulas  and  methods  have  been  successfully  employed  by  many 

bakers. 


Straight  Dough  Formula 


Flour 

W'ater  (variable) 

Yeast 

Yeast  food 

Sugar 

Salt 

Shortening 
Nonfat  drv  milk 


Grams 

600 

406 

15 

3 

30 

12 

24 

36 


If  malt  is  being  used,  use  same  peiceutage  as  cuneutly  used  in  legular 
commercial-size  doughs. 

Methocl.-Mix  the  same  as  .egulai'  duuglis,  except  alx.ut  une 
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about  20  miiuites  recovery  time  and  then  mould  into  loaves.  Give  regular 
proof. 

Some  bakers  scale  the  loaves  and  pass  them  through  the  rounding  machines, 
mark  them  properlv  and  send  them  over  the  over-head  proofer  and  thiough 
the  moulding  machine.  They  are  properly  labeled,  placed  in  the  proof  box, 
and  baked  in  the  oven  with  regular  run  of  bread. 

Sponge  Dough  Formula 

Grams 


Sponge: 

Flour 

Water 

Yeast 

Yeast  food 


390 

230 

12 

3 


Method.— Mix  at  about  78°  to  8()°F.  and  allow  to  ferment  for  five  hours. 


Doiif^h: 

Grams 

Flour 

210 

\Vater  (variable) 

175 

Sugar 

30 

Salt 

12 

Shortening 

24 

Nonfat  drv  milk 

36 

If  malt  is  being  used,  use  the  same  percentage  as  currently  used  in  regular 
commercial-size  doughs. 

Method.-Place  sponge  in  mixer  bowl  and  add  the  water.  Put  about  half 
the  dough  flour  on  top  of  the  water  and  then  add  all  the  other  ingredients  ex- 
c'ept  the  shortening.  Mix  into  a  smooth  hatter  and  then  add  the  remainder  of 
the  Hour  and  the  shortening.  Mix  until  smooth  and  dry. 

Mix  the  dough  at  about  80°F.  Allow  to  rest  15 'to  20  minutes.  Scale  into 
oaves.-  Follow  the  same  procedure  as  indicated  with  straight  doughs.  Loaves 
proofei  moulded  or  passed  through  the  rounder  and  over-head 

In  performing  the  bake  test  any  number  of  adjustments  may  be  neces¬ 
sary  to  adapt  conditions  to  any  particular  shop  practice.  Bromate  levels 
or  example,  should  be  adjusted  and  the  correet  quantity  of  water  for  any 
specific  powder  must  be  used.  A  good  quality  milk  powder  will  produce 
a  dough  which  remains  easy  to  handle  throughout  the  baking  process  and 
which  produces  a  good  loaf  volume  and  quality  score.  For  hmpa rlrdve 

pelnmumrof  ruri7wil7e "^videl." 
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CHAPTER  5 


John  B.  Woerfel 


Shortenings 


INTRODUCTION 


Shortenings  are  essential  ingredients  of  most  types  of  bakery  products. 
In  fact,  tlie  very  name  is  derived  from  their  function  in  baking  as  witnessed 
by  Webster’s  definition  “that  which  shortens  pastry,  cake,  etc.;  any  fat 
fit  for  such  use.” 

As  they  are  known  to  the  baking  industry  today,  a  shortening  may  be  a 
single  fat  or  oil  or  a  combination  of  several  fats  and  oils.  Further,  it  may 
be  processed  by  various  methods  to  change  the  characteristics  of  the 
original  fats  and  may  have  emulsifiers,  anti-oxidants  and  other  ingredients 
added  to  improve  and  adapt  it  for  specific  purposes.  Certain  shortenings 
such  as  lard,  butter,  and  some  vegetable  oils  are  sold  undei  theii  common 
names.  Products  made  from  a  mixture  of  fats  or  which  have  undergone 
rather  extensive  processing  are  usually  marketed  under  the  geneiic  teim 

“shortening.” 

Fats  and  oils  used  in  shortenings  are  derived  from  both  animal  and 


vegetable  sources.  While  a  great  variety  of  edible  oils  are  available  on 


the  world  market,  only  a  limited  number  are  of  commercial  importance 
in  the  United  States.  Soybean  oil,  cottonseed  oil,  lard,  butter,  edible  beef 
fats,  corn  oil,  and  peanut  oil-all  of  which  are  domestically  produced-are 
the  commercially  important  edible  oils  in  the  United  States.  In  Table  40 
is  listed  the  amount  of  each  of  these  oils  produced  during  the  past  hve 
years.  Table  41  gives  the  usage  in  processed  shortenings.  Coconut  oil 


and  some  palm  kernel  oil  are  imported  and  used  edibly  principally  by  the 
^ _ c _ irTr1iicfr\A  iiTifl  lu  saiidwich  cookie  fillings. 


origin. 


LARD 


ical  Director,  Refinery  Division,  Armour  and  Company. 
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It,  skimmings,  settlings,  pressings 
"oin  muscle  tissue  and  blood. 


and  the  like,  and  are  reasonably  free 


Lard  mav  be  rendered  by  any  of  several  methods: 

Prime  steam  lard  is  rendered  in  closed  pressure  tanks  in  direct  contact 
/ith  steam  and  is  the  standard  lard  of  commerce.  Action  of  the  steam 
olubilizes  the  connective  tissues  and  releases  the  fat.  At  the  end  of  the 
endering  the  contents  of  the  tank  are  settled,  and  the  fat  which  forms 
le  upper  layer  is  decanted. 


Table  40 


U.  S.  PRODUCTION  OF  EDIBLE  FATS  AND  OILS* 


>rop  Vear  Beginning  October  1 

1954-55 

1955-56 

1956-57 

1957-58 

Est. 

1958-59 

Millions  of  Pounds 

Vegetable 

Cottonseed 

1,723 

1,893 

1,626 

1,440 

1,550 

Soybean^ 

3,377 

3,883 

4,386 

4,750 

5,075 

Corn  oil 

268 

270 

275 

275 

280 

Peanut  oil 

20 

85 

107 

68 

140 

Olive  oil 

3 

1 

6 

1 

5 

inimal 

Lard 

2,564 

2,851 

2,624 

2,440 

2,700 

Butter 

1,529 

1,571 

1,542 

1,527 

1,500 

Other  edible  animal  fats 

(principally  beef  fats) 

280 

312 

312 

320 

330 

10,864 

10,866 

10,869 

10,721 

11,580 

’  Source:  1954-55,  1955-56  Bureau  of  Census,  U.  S.  Department  of  Commerce. 

1956-57  through  1958-59  U.  S.  Department  of  Agriculture. 

2  Includes  oil  equivalent  of  soybean  exports. 


Dr\^  rendered  lard  is  rendered  in  jacketed  tanks  with  agitators.  Steam 
leat  for  the  rendering  is  applied  to  the  jackets  so  that  the  steam  does  not 
)ome  in  direct  contact  with  the  fats.  The  tanks  may  be  vented  direct  to 
he  atmosphere  or  through  vapor  removal  systems.  The  cooking  which 
eleases  the  fat  and  diives  off  moisture  is  continued  until  the  temperature 
eaches  appioximately  240  F.  and  the  proteinaceous  residue  is  essentially 

Iry.  The  fat  is  then  drained  off  the  residue,  and  the  residue  is  pressed  to 
'ecover  additional  fat. 


Open  kettle  rendered  lard  is  a  special  tvpe  of  drv  rendered  lard  in 
which  the  vessel  is  open  to  the  atmosphere.  Because  of  the  resemblance 

:o  home  rendering  methods,  the  terms  “farm  style”  or  “country  style”  are 
.ised  synonymously. 

In  recent  years,  some  installations  for  continuously  rendering  (Dor- 
ahtze.  19,56)  lard  have  been  made.  These  generally  depend  iiptn  com- 
miniition  of  the  fat  or  mechanical  rupture  of  the  fat  cells  and  centrifugal 
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separation  of  the  connective  tissue  and  water.  Heating  is  held  to  a 
niiniinnm. 

Certain  edible  hog  tissues  are  excluded  from  use  in  lard  by  Meat 
Inspection  Regulations.  This  was  originally  done  to  improve  the  quality 
of  lard  being  produced.  These  fats  are  processed  by  the  same  methods  as 
lard  and  sold  as  rendered  pork  fat.  Rendered  pork  fat  is  used  for  the 
same  purposes  as  lard,  although  it  usually  has  a  somewhat  darker  color 
and  a  more  pronounced  flavor.  In  other  respects  it  may  not  be  inferior 
to  lard,  often  having  better  stability. 


Table  41 


SHORTENING  t 

FATS  AND  OILS  USED  IN  MANUFACTURE, ^ 

1950-58 

Vegetable  Oils 

.Soybean 

Cotton 

Coconut  ] 

Peanut 

Corn 

Year 

Oil 

Seed  Oil 

Oil 

Oil 

Oil 

Other^ 

Millions  of  Pounds 

Average 

1950 

841 

549 

12 

1 

27 

1951 

731 

335 

20 

21 

1 

25 

1952 

851 

388 

33 

6 

1 

2 

1953 

903 

376 

2 

4 

1 

4 

1954 

918 

640 

15 

5 

1 

20 

1955 

930 

439 

4 

6 

3 

1 5 

1956 

782 

323 

6 

6 

2 

8 

1957 

796 

272 

8 

6 

4 

3 

19583 

1 ,056 

239 

12 

5 

3 

2 

Animal  Fats  and  Oils 

Vegetable 

Year 

Lard 

Beef  Fats 

Stearin 

Glycerides 

Total 

Millions  of  Pounds 

Average 

1950 

177 

31 

89 

1,727 

1951 

200 

23 

48 

1 ,405 

1952 

232 

34 

66 

1,613 

1953 

227 

46 

82 

35 

1 , 681 

1954 

142 

89 

99 

39 

1 ,969 

1955 

334 

118 

99 

40 

1 ,988 

1956 

459 

141 

90 

38 

1 , 855 

1957 

376 

226 

95 

37 

1 ,824 

19583 

318 

252 

86 

39 

2,013 

IT  n  A. 

•  .Source;  “The  Fats  and  Oils  Situation”  h OS-1  96  May,  1V3 

2  Includes  fish  oils  which  have  been  negligible  in  recent  years. 

3  Preliminary. 


LanI  lia.s  a  cli.stinctive  natural  flavor  and  odor  wliifh  i.s  considerei 
desirable  in  certain  baked  products,  principally  bread,  crackers,  and  pie 
crusts.  The  cbaracter  of  tbe  flavor  will  vary  somewbat  witli  the  rendering 
method  dry  rendered  lard  having  a  somewhat  more  cooked  flavor  than 
prime  steam  lard  due  to  small  quantities  of  residual  protein.  Some 
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PCMSODS  have  a  prcfernicv  for  ihv  flavor  of  lard  riMuU'rocl  by  one  inotbod 
or  another,  although  normally  no  distinction  is  mad(‘. 

When  rendered  from  equivalent  fats  the  color  of  dr\’  rendered  lard  will 
frequently  be  darker  than  that  of  prime  steam  while  the  latter  will  be 
slightly  higher  in  free  fattv  acids  due  to  hydrolysis.  These  differences 
are  small  in  properly  rendered  lard  and  lard  from  either  process  is  within 
generally  accepted  limits. 

Lard  sold  commercially  to  bakers  and  other  food  processors  is  termed 
refined  pure  lard.  Refined  lard  may  be  produced  by  any  rendering 
method.  It  is  refined  hy  a  process  of  filtration  to  clarify  it  and  remove 
particles  of  protein  or  other  materials  which  might  be  present.  The 
refining  of  lard  is  carried  out  in  a  plate  and  frame  or  pressure  leaf  type  of 
filter  employing  filter  aids  such  as  diatomaceous  earth  or  crysolite.  Ac¬ 
tivated  carbon  or  bleaching  clay  may  be  added  in  small  quantities  to 
improve  the  color,  and,  in  some  cases,  the  flavor. 

The  characteristics  of  lard  are  governed  by  the  natural  characteristics 
of  the  fat  from  the  hogs.  Variations  in  hardness  or  melting  point  exist 
dependent  upon  the  feed  which  the  hog  received  as  well  as  climate  and 
other  conditions  affecting  growth.  In  addition,  there  is  a  wide  variance  of 
physical  properties  of  fat  from  different  locations  on  the  animal.  The 
internal  fats,  such  as  the  leaf  fats,  are  always  substantiallv  higher  in 
melting  point  and  lower  in  iodine  value  than  the  fats  from  the  external 
portion  of  the  carcass.  By  selection  and  blending  of  various  lots  of  lard, 
the  refiner  controls  and  standardizes  his  product. 

Special  grades  of  lard  are  sometimes  produced  by  segregating  certain 
fats,  and  by  special  rendering  methods.  Pure  leaf  lard  contains  only  the 
leaf  fat  which  is  the  hardest  fat  on  the  carcass.  Other  grades  may  be 
made  from  leaf  and  back  fats  or  other  selections.  These  special  lards  are 
sometimes  made  by  open  kettle  rendering  and  are  so  labelled. 

Lard  in  the  plastic  state  is  a  comparatively  soft  shortening.  While  this 
is  ideal  for  some  uses,  there  are  other  applications  in  which  a  firmer 
product  is  desired.  For  these  purposes,  hardened  lard  containing  up  to 
twelve  per  cent  or  more  of  completely  IwTirogenated  lard  (lard  flakes)  is 
made.  By  varying  the  amount  of  hvdrogenated  lard  in  the  mix  anv 
desired  melting  point  and  degree  of  hardness  can  be  achieved.  ’  The 
amenmt  of  lard  Hakes  required  is  related  to  the  initial  hardness  of  the  lard 
to  which  It  IS  added.  Therefore,  it  is  customary  in  manv  plants  to  blend 
Hakes  to  certain  specific  physical  characteristics  such  as  congeal  or  melting 
poiiU  under  laboratory  control,  and  thus  insure  uniformity  from  batch  to 

RrllefonLf '  several  representative 
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I'abi.e  42 


t:UARAC;TERlSTICS  OK  TYPICAL  GRADES  OF  EARD 


Pure 
Refined 
Lard  Prime 
Steam 

Open 

Kettle 

100  Per 
cent  Leaf 

Rendered 
Pork  Fat 

Hardened 

Lard 

Maximum  free  fatty  acid,  per  cent 

.50 

.25 

.60 

.50 

Maximum  Moisture,  per  cent 

.10 

.10 

.10 

.10 

Color,  Max. 

lOY  1 .5R 

lOY  1  .5R 

35Y  3.5R 

lOY  1 .5R 

Congeal  P.,  °F. 

79  to  86 

88  to  91 

75  to  82 

95  to  1001 

Wiley  M.P.,  °F. 

96  to  103 

109  to  113 

91  to  102 

115  to  1181 

O.T.M.P.,  °F. 

89  to  96 

107  to  no 

86  to  97 

Capillary  M.P.,  °F. 

98  to  105 

113  to  117 

93  to  104 

118  to  1221 

Stability  (no  antio.xidant),  Hrs.,  Min. 

4 

7 

6 

4 

*  Variable  depending  on  amount  of  flakes  added. 


Uses  of  Lard 


Lard  is  the  most  widely  used  shortening  for  bread,  pies,  soda  crackers, 
and  finds  extensive  use  in  pan  greasing  and  in  cookie  doughs.  The  short¬ 
ening  value  ( the  ability  of  a  fat  to  lubricate  and  weaken  the  structure  of 
a  baked  product )  is  probably  unexcelled  by  any  other  plastic  fat. 

Bread  bakers  generally  purchase  straight  refined  lard,  although  some 
have  a  preference  for  special  grades  such  as  100  per  cent  leaf  lard,  or  open 
kettle  rendered  lard.  There  is  normally  no  benefit  in  the  use  of  a  hard¬ 
ened  lard  in  bread.  However,  in  the  case  of  continuous  bread  making,  it 
has  been  the  practice  to  add  hydrogenated  cottonseed  flakes  to  the  lard 
in  the  bakery  to  increase  the  melting  point.  The  melting  point  of  the  fat 
used  in  this  process  seems  to  be  critical  to  the  production  of  a  loaf  with 
the  desired  characteristics.  It  has  been  found  desirable  to  have  the 
control  of  the  hardness  of  fat  at  the  discretion  of  the  baker  since  this 


permits  compensation  for  certain  other  variables  in  the  process. 

In  addition  to  the  shortening  value  of  the  fat,  the  most  important 
characteristic  of  pie  shortening  is  probably  its  plasticity.  The  quality  of  a 
pie  crust  is  verv  closely  related  to  the  manner  in  which  shortening  is 
combined  with  the  Hour!  The  techniques  used  in  preparing  pie  crust  and 
the  characteristics  desired  in  tlie  finished  crust  will  govern  the  t>  pe  ol 
shortening  preferred.  It  is  also  important  that  shortening  he  uniform  in 
physical  characteristics  from  shipment  to  shipment. 

to  fit  the  needs  of  various  pie  bakers,  there  are  a  number  of  specialized 
lards  and  pie  shortenings  currently  being  produced.  Among  t  le  at.s 
commonly  used  are  pure  refined  lard.  1(10  per  cent  leaf  lard,  hardened 
refined  lard  and  pie  shortenings  in  which  the  hardening  agents  are  mea 
fats  other  than  hydrogenated  lard.  In  addition,  each  of  these  p.odim 
may  be  produced  with  natural  Havor,  or  deodorized  tor  those  bake.s 

prefer  a  bland  product. 
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In  general,  the  temperature  at  whicli  a  pie  shortening  is  used  will  be 
-elated  to  its  hardness  as  well  as  the  type  of  crust  desired.  For  example, 
f  a  flaky  crust  is  desired  when  using  pure  refined  lard,  a  comparatively 
joft  shortening,  refrigeration  of  the  lard  and  of  the  other  ingredients  is 
lecessaiy.  At  low  temperatures,  it  is  possible  to  mix  so  that  the  lard  is, 
in  part  at  least,  distributed  as  small  discrete  particles  which  can  flatten 

:)ut  during  the  rolling  to  give  the  flaky  effect. 

If  a  short  pie  crust  using  a  minimum  amount  of  fat  is  desired,  then  the 
shortening  and  other  ingredients  may  be  mixed  at  much  higher  tempera¬ 
tures  so  that  the  fat  is  thoroughly  incorporated  with  the  flour.  This 
practice,  however,  results  in  mealy  crust  although  it  may  be  desirably 
short  and  tender. 

The  harder  pie  shortenings  generally  permit  mixing  at  higher  tempera¬ 
tures.  Thev  also  permit  better  handling  of  the  doughs  in  plants  where 
high  temperatures  may  be  encountered.  Those  made  with  harder  short¬ 
enings  show  better  cohesion  and  less  stiekiness  when  exposed  to  elevated 
temperatures  during  rolling. 

Pie  lards  and  pie  shortenings  may  or  may  not  be  stabilized  with  an 
antioxidant.  An  antioxidant  is  not  absolutely  essential  to  pies  whieh  are 
distributed  fresh  through  nonnal  channels.  However,  frozen  pies  which 
may  be  stored  for  a  considerable  period  of  time  normally  require  a  short¬ 
ening  which  contains  an  antioxidant. 

For  biscuit  and  cracker  production,  the  lard  used  is  generally  straight 
refined  lard  with  an  antioxidant  added.  Hardened  lard  is  not  noiTnally 
required.  Since  these  products  may  have  high  quantities  of  fat,  and 
require  long  shelf  life  after  baking,  an  antioxidant  with  good  carry- 
through,  such  as  BHA,  is  essential. 

For  the  greasing  of  pans,  straight  refined  lard  is  frequently  used.  Also 
available  from  some  manufacturers  is  lard  oil,  which  is  the  portion  left 
after  the  higher  melting  portions  have  been  removed  by  a  fractional 
crystallization  process.  Lard  oil  has  the  advantage  of  remaining  liquid  at 
room  temperature  and  below  thus  simplifying  its  handling  and  application. 

In  addition  to  the  use  of  lard  as  such,  it  has  become  a  very  important 
and  veisatile  shortening  raw  material.  Its  use  in  processed  shortenings 
will  be  discussed  later  in  this  chapter. 

EDIBLE  BEEF  FATS 

Edible  beef  tallow  is  rendered  from  the  edible  fattv  tissues  of  cattle,  by 
the  same  rendering  methods  as  are  used  for  lard.  Beef  tallow  is  a  hard 
plastic  fat  generally  having  a  melting  point  of  approximately  110“  to 
12()“K.,  and  iodine  values  of  from  .39  to  49.  Considerable  variations  in 
the  physical  properties  of  beef  fat  exist  depending  upon  its  origin;  in  this 
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respect,  it  is  analogous  to  lard.  Because  of  its  hardness,  it  has  rather 
limited  usage  as  a  shortening  by  itself,  although  in  some  parts  of  the 
country  small  amounts  are  packed  and  distributed  principally  as  a  frying 
fat  for  restaurant  use. 

Edible  beef  tallow  finds  its  principal  use  as  an  ingredient  in  shortening 
where  it  is  combined  with  other  softer  fats.  The  use  of  beef  fats  in 
shortening  was  commonplace  in  the  early  years  of  the  cottonseed  oil 
industry  where  it  was  used  as  a  stiffening  agent  in  combination  with 
vegetable  oil  to  produce  lard  substitutes.  With  the  advances  of  hydro¬ 
genation  enabling  the  production  of  suitable  plastic  fats  from  all  vegetable 
sources,  beef  tallow  lost  its  popularity  as  a  shortening  ingredient.  Without 
effective  antioxidants,  shortenings  containing  beef  fats  lacked  stability 
and  sometimes  developed  “tallowy”  off-flavors. 

However,  with  the  use  in  recent  years  of  highly  effective  antioxidants 
and  improved  processing  methods,  shortenings  with  excellent  flavor  and 
oxidative  stability  have  been  produced.  Chang  and  Kummerow  (1955) 
reported  that  slightly  hydrogenated  stabilized  beef  fats  gave  flavor  sta¬ 
bilities  better  than  the  best  commercial  shortenings. 

Recent  studies  in  crystallography  have  indicated  that  beef  fats  tend  to 
crystallize  in  the  most  desirable  fonn  to  produce  a  stable  shortening 
consistency.  While  edible  tallow  may  be  rather  dark  in  color  it  is  readily 
bleached  to  give  white  shortenings.  As  a  result,  beef  fat  has  come  to 
be  recognized  as  a  desirable  shortening  raw  material  rather  than  as  an 
inexpensive  substitute. 


OLEO  OIL,  STOCK,  AND  STEARIN 


These  materials  are  prepared  from  selected  beef  fats  by  special  render¬ 
ing  methods.  Meat  Inspection  Regulations  (Anon.  1957)  specify  that  to 
bear  this  designation,  the  fats  must  not  be  rendered  at  temperatures 

above  170°F.  ^ 

Traditionally  the  fats  were  chilled  overnight  in  water  at  40°F.,  hashed, 
rendered  in  open  kettles  with  hot  water  jackets,  settled,  the  fat  decanted 
and  pumped  to  clarifier  tanks,  and  again  settled.  In  recent  years,  the 
process  has  been  replaced  by  centrifugal  rendering  methods  which  cut 
the  total  time  from  48  hours  to  a  few  minutes  and  drastically  reduce  the 
spapf*  rf'fi Hired. 
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Almost  all  olco  stock  is  further  processed  by  fractional  crystallization  at 
Mnperatnres  of  92°  to  95°F.,  to  yield  oleo  oil  and  oleo  stearin  in  the 


roportion  of  about  two-thirds  oil  to  one-third  stearin. 

In  the  separation,  the  color  and  flavor  is  mostly  retained  by  the  oil 
4iich  is  somewhat  more  pronounced  in  flavor  and  yellow  color  than  the 


tock  from  which  it  is  made. 

Oleo  stearin  is  a  hard  wa.xy  solid  having  a  melting  point  of  approxi- 
lately  120°  to  125°F.,  and  an  iodine  value  of  about  20  to  25.  It  is  prin- 
ipally  used  as  an  ingredient  in  shortenings.  It  is  particularly  valued  as  an 
igredient  in  puff  paste  shortenings  where  a  tough  waxy  consistency  is 
esired. 

Oleo  oil  is  stabilized  with  antioxidants  and  plasticized  into  drums  or 
ans.  Considerable  quantities  are  also  sold  in  bulk  in  tank  trucks. 


Table  43 


TYPICAL  ANALYSES  OF  OLEO  PRODUCTS 


Stock 

Oil 

Stearin 

Free  fatty  acid,  per  cent 

0.30 

0.35 

0.20 

Color 

20Y  2. OR 

20Y  2.5R 

12Y  1  OR 

Titre,  °F. 

113 

108 

122 

Wiley  M.P.,  °F. 

117 

97 

122 

Stability  AOM  without  antioxidant 

12 

6 

20 

Oleo  oil  normally  has  a  melting  point  of  approximately  95°F.  It  has 
he  shortest  plastic  range  of  all  domestic  fats  although  not  as  short  as  the 
auric  acid  fats  such  as  coconut  oil.  Plastic  oleo  is  workable  generally 
n  the  range  of  70°  to  8()°F.;  above  80°F.  it  softens  rapidly,  becoming 
;ompletely  liquid  at  body  temperature.  For  extreme  hot  weather  use 
ome  manufacturers  make  summer  formulas  containing  some  stearin  to 

aise  the  melting  point  and  extend  the  plastic  range  to  temperatures 
ihove  8()°F. 

A  shortening  with  a  very  white  color  and  bland  flavor,  but  retaining 
he  short  plastic  range  is  produced  from  oleo  oil  for  those  uses  where  a 
iland  flavor  and  white  color  are  desired. 

In  baking,  oleo  oil  is  principally  used  in  cookies.  It  is  used  in  both 
louglis  and  sandwich  fillings.  In  the  doughs,  it  has  excellent  stabilitt' 
ind  shortening  value,  and  has  better  creaming  ability  than  lard  making 
adaptable  to  such  products  as  vanilla  wafers.  The  natural  flavor  and 
low  melting  point  are  considered  ilesirable  by  inanufacturers  for  tbeir 
lontribution  to  flavor  and  eating  cpiality.  In  sandwieh  fillings,  the  deodor- 
zed  product  IS  generally  preferred.  Here  the  short  plastic  range  and  low 
melting  point  are  highly  desirable  characteristics. 
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BUTTER 

lUittrr  is  consiclcrc'd  to  l)c‘  tlie  best  of  all  baking  sbortc'iiings  from  a 
(lavor  stanclpoinl.  44k'  flavor  of  bnttc'r  is  ostoomod  by  most  individuals 
and  possesses  the  (piality  of  persistenee  so  that  it  earries  through  the 
baking  and  imparts  its  desirable  flavor  and  aroma  to  the  finished  baked 
product. 

The  United  States  standards  for  Grades  of  Butter  (Anon.  1954)  define 
it  as  follows: 

“Butter.— Butter  is  the  food  product  made  from  milk  or  cream,  or  hoth,  with  i 
or  without  common  salt  or  additional  coloring  matter,  and  containing  not  lessn 
than  80  per  cent  by  weight  of  milk  fat,  all  tolerance  having  been  allowed  for.” 

Cream.— The  term  “Cream”  when  used  in  this  subpart  means  cream  sepa¬ 
rated  from  milk  produced  by  healthy  cows.  The  cream  shall  be  pasteurized  at  ■ 
a  temperature  of  not  less  than  165°F.  and  held  continuously  at  such  tem¬ 
perature  for  at  least  30  minutes;  or  by  any  other  method  of  pasteurization  whichi 
gives  equivalent  results  in  the  destruction  of  the  phosphatase  enzyme. 

Blitter  is  classified  according  to  the  following  grades: 


U.  S.  Grade  AA  or  U.  S.  93  Score 

U.  S.  Grade  A  or  U.  S.  92  Score 

U.  S.  Grade  B  or  U.  S.  90  Score 

U.  S.  Grade  G  or  U.  S.  89  Score 


In  detennining  the  grade  of  butter  it  is  first  classified  for  flavor  accord¬ 
ing  to  intensity  and  type  of  a  large  number  of  specified  flavors.  It  is  them 
judged  for  defects  in  body,  color  and  salt  according  to  definite  schedules- 
and  the  grade  adjusted  downward  if  the  defects  exceed  a  specified  total 
It  is  apparent  that  under  this  system  the  highest  grade  will  be  the  rnosH 
unifonn  The  lower  grades  will  be  somewhat  more  variable  and  it  is  iioH 
known  from  the  grade  what  specific  defect  or  defects  contributed  to  it 
In  the  past  many  bakers  have  preferred  low  score  butter  because  ol 
price  and  with  the  belief  that  the  stronger  flavors  often  associatecUvitl 
low  score  were  actually  more  effective  in  flavoring  baked  goods.  Today 
it  is  noted  that  many  bakers  who  stress  their  use  of  butter  m  their  prod¬ 
ucts  use  only  the  highest  grades.  ,  .,i„  ...ni 

The  creaming  quality  of  butter  is  rather  poor.  Cakes  made  vi 

butter  are  generally  lower  in  volume  and  have  a  coarser  gram  than 
those  made  with  a  high  quality  shortening  with  good 
istics.  For  this  reason  some  bakers  use  part  butter  m  the  fono«  ^  > 

the  flavor  it  contributes  and  part  shortening  for  increased  voinme  a  c 
fin ei  wain  Butter  is  widely  used  for  specialty  breads,  sweet  goods. 
Jookies  and  pastries;  it  has  good  shortening  value  and  is  very  suitable 
Dani.sh  and  other  roll-in  doughs. 
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Butter  is  a  perishable  eommoclity  and  sul^GCt  to  certain  types  of  de¬ 
terioration  not  eneounter('d  witli  otlier  fats,  except  margarine.  Witli 
ollu'r  fat  atmosjilu'rie  oxidation  is  th(‘  most  s('rious  cause'  of  de'te'iioration, 
wliilc'  bacterial  and  mold  action  are  important  in  deterioration  ol  butter. 
Salt  has  a  preservative  action  but  since  it  is  incorporated  in  the  separated 
butter  it  may  not  be  evenly  distributed,  leaving  some  small  droplets  of 
water  in  which  bacterial  action  can  take  place. 

Oxidative  deterioration  of  butter  results  in  a  “tallowy”  flavor.  This 
appears  with  very  slight  oxidation,  in  some  cases  with  a  barely  detectable 
concentration  of  peroxides. 

\Mien  held  at  low  temperatures  butter  deteriorates  very  little  and  may 
be  stored  for  months  without  significant  loss  of  flavor  or  vitamin  A  content. 

PRODUCTION  AND  REFINING  OF  VEGETABLE  OILS 

Vegetable  oils  of  all  types  are  obtained  from  the  oil  bearing  seed  by 
either  expelling  the  oil  with  screw  presses  or  extracting  it  with  solvents. 
Crude  oils  must  undergo  extensive  processing  to  make  them  suitable  for 
edible  use. 

Trading  in  crude  vegetable  oils  is  done  under  rather  specific  rules 
(Anon.  1958A  and  Anon.  1958B)  which  provide  for  discounts  or  premiums 
over  the  nominal  price  for  oil  of  poorer  or  better  quality  than  the  standard. 
The  principal  point  of  quality  involved  is  that  of  “refining  loss.”  Re¬ 
fining  loss  is  the  weight  loss  obtained  in  refining  the  oil  using  sodium 
hydroxide  under  certain  closely  specified  laboratory  conditions.  Re¬ 
fining  loss  is  an  important  criterion  for  determining  the  value  of  an  oil 
to  the  processor  since  alkali  refining  is  the  first  step  in  the  processing  of 
all  vegetable  oils  for  edible  use. 

In  refining  crude  oils,  the  free  fatty  acid  is  neutralized  by  the  addition 
ot  an  alkali  such  as  sodium  hydroxide  or  soda  ash.  Reaction  of  alkali 
with  the  free  fatty  acid  forms  a  soap  which  is  separated  along  with  eertain 
other  constituents,  such  as  gums,  by  centrifuging.  The  refined  oil  is  then 
water  washed  to  remove  any  residual  soap  and  vacuum  dried  before 
IHimping  into  stomge  for  further  processing.  The  processing  which  re- 

'>yc>rogenated  shorten, ngs  will  be 

Salad  and  Cooking  Oils 

Considerable  quantities  of  vegetable  m'lc  nv.:.  i  i.  i  • 

States  as  salad  and  cooking  oils  A  L  oM  1  U'dted 

renrain  essentially  liquid  ■,!  efritrl  '  " 

,  1  'll  1  ^  ^  tcniperutiirGS  of  40^  iccot? 

and  will  produce  a  mayonnaise  emulsion  which  is  table  .n  ’ 

tmes.  laibeling  an  oil,  “cooking  oil  ”  implies  that  tb  •  '' 

b  implies  that  the  oil  will  not  withstand 
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low  temperatures  without  congealing.  Salad  oils  are  used  commercially 
iu  the  United  States  for  making  various  types  of  bakery  goods  such  as 
chiffon  cakes,  and  in  the  preparation  of  doughnut  mixes,  (’ooking  oils 
are  principally  used  for  frying. 

Vegetable  oils  when  sold  as  salad  or  cooking  oils  are  always  labelled 
with  the  name  of  the  oil  or  oils  used  in  their  preparation.  This  is  in  con¬ 
trast  to  the  labeling  of  hydrogenated  shortenings  where  the  declaration 
“hydrogenated  vegetable  oils”  is  all  that  is  required. 

Soybean  oil  and  corn  oil  are  natural  “winter”  oils  or  salad  oils.  To 
produce  a  salad  oil  from  these,  they  need  only  be  refined  and  deodorized. 

In  order  to  produce  a  salad  oil  from  cottonseed  oil,  it  must  be  sub¬ 
jected  to  winterization.  This  process  consists  of  cooling  the  oil  to  low 
temperatures  to  solidify  the  higher  melting  portion  or  “stearin  oil.”  The 
solidified  portions,  which  amount  to  approximately  20  to  25  per  cent  of 
the  total  oil,  are  then  removed  by  filtration.  The  salad  oil  is  then  bleached 
and  deodorized.  The  higher  melting  portion  of  stearin  oil  resulting  from 
this  process  is  used  in  hydrogenated  shortening  or  margarine.  Most  of  the 
cottonseed  oil  sold  as  oil  is  winterized  to  a  salad  oil.  However,  some  cot¬ 
tonseed  oil  is  simply  refined  and  deodorized  and  sold  as  a  cooking  oil. 

Peanut  oil  is  refined  and  deodorized  for  sale  as  a  cooking  oil.  It  is 
occasionally  used  as  an  ingredient  in  hydrogenated  shortenings. 

Soybean  salad  oil  generally  e.xhibits  some  tendency  to  revert  in  flavor. 
By  this  is  meant  that  after  deodorization,  certain  typical  flavors  tend  to 
return.  For  this  reason,  the  use  of  liquid  soybean  oil  for  certain  purposes, 
and  particularly  for  frying,  is  limited.  Peanut  oil,  cottonseed  cooking  and 
salad  oil,  and  corn  oil  all  are  widely  used  for  deep  fat  frying. 

In  addition  to  their  use  as  oils,  soybean  and  cottonseed  oils  are  im¬ 
portant  raw  materials  for  plastic  shortenings.  Cottonseed  oil  was  tra¬ 
ditionally  the  principal  raw  material  for  hydrogenated  vegetable  shoiten- 
ing.  With  the  rapid  growth  of  the  soybean  industry  in  the  past  two 
decades,  soybean  oil  has  found  increasing  usage  until  today  several  times 

as  much  soybean  as  cottonseed  is  being  used. 

Some  considerable  prejudice  against  soybean  oil  shoitening  has  ex 
isted  because  of  lack  of  flavor  stability  associated  with  these  products  in 
past  years.  With  improved  technology  at  all  stages  including  extraction 
of  the  oil,  bleaching,  hydrogenation  and  deodorization  this  problem  has 
been  largely  overcome.  Today  premium  quality  shortenings  sold  foi 
the  most  exacting  uses  contain  major  proportions  of  soybean  oil. 

Processing  Shortening 

The  shortenings  previously  described  in  this  ch.ipter  .-.re  those  which 


are 


ne  snorreniii^^  - -  ^ 

sold  under  their  common  name.  They  have  received  htt  e  oi 
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processing  to  change  their  inherent  physical  properties.  In  each  case, 
they  are  ideally  suited  for  certain  purposes;  however,  they  do  have  certain 
limitations  and  can  be  improved  for  other  functions  by  modification. 

In  processing  shortening,  certain  chemical  and  physical  changes  are 
brought  about  under  close  control  to  achieve  the  physical  properties 
desired  in  finished  material.  To  understand  some  of  these  changes  a 
short  discussion  of  the  chemistry  of  fats  and  oils  may  be  of  interest. 

Fats  and  oils  are  glyceryl  esters  of  fatty  acids.  Predominantly  they 
are  triglycerides  having  three  fatty  acids  attached  to  the  glycerol.  If  the 
acids  are  the  same,  it  is  a  simple  triglyceride.  If  two  or  three  different 
Fatty  acids  are  present,  it  is  a  mixed  triglyceride.  The  structural  formula 
[)f  a  typical  mixed  triglyceride  is  shown  below: 
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/3-OLEOLINOLEOSTEARIN 


rhe  fatty  acids  are  straight  chain  aliphatic  acids  with  a  single  carboxyl 
,ronp.  In  natural  fats,  the  fatty  acids  are  almost  all  those  with  even 
umbers  of  carbon  atoms,  and  may  vary  in  chain  length  from  4  to  ‘>6 
tarhon  atoms.  The  melting  point  increases  with  chain  length!^  ! 

Fatty  acds  may  further  be  classified  as  saturated  or  unsaturated 

JnsaturtteTf  tK  bond  carbon  linkages' 

llustrrHn  '  double  bond  linkages  The 

vm  !  7  rr  ’"'^‘'t^tated  acids  found  in  natural  atT 
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acid  and  of  triglycerides  decreases  rapidly  with  the  degree  of  imsatura- 
tion. 

The  physical  properties  of  the  triglyceride  are  influenced  by  the  fattv 
acids  which  it  contains,  and  also  by  the  position  of  the  different  fatty 
acids  on  the  glyeerol  moleeule.  Each  natural  fat  contains  a  variety  of 
fatty  acids,  and  an  even  greater  variety  of  triglyeerides  depending  on  the 
position  of  various  fatty  acids.  The  properties  of  the  fat  will  be  governed 
bv  the  type  and  relative  amounts  of  triglycerides  present. 

The  total  number  of  different  triglycerides  present  in  a  fat  is  relatively 
large.  With  as  few  as  four  different  fatty  acids,  there  are  possible  40 
different  triglycerides.  With  additional  fatty  acids  a  great  many  more 
mav  be  present  in  a  fat.  The  typical  fatty  acid  composition  of  various 
fats  is  listed  in  Table  44. 


'1’able  44 

TYPICAL  FATTY  ACID  COMPOSITION  OF  VARIOUS  NATURAL  FATS  AND  OILS 


Vegetable  Oils 


Animal  Fats 


Fatty  Acid 
(Common  Name) 


Chemical  Coco- 
Formula  nut 


Saturated  Acids 
Butyric 
Caproic 
Caprylic 
Capric 
Laurie 
Myristic 
Palmitic 
Stearic 
Arachidic 
Behenic 
Lignoceric 

Unsaturated  Acids 
Myristoleic 
Palmitoleic 
Oleic 
Linoleic 
Linolenic 

C2nH22  Unsaturated 


C4HSO2 

CfiHirO. 

CsH,602 

C10H20O2 

C12H24O2 

C14FI28O2 

CieFI  32O2 

CinHsfiO, 

C20H40O2 

C2>H4402 

C24H  48O2 


Cl  4Fl26^^2 

CifiH  30O2 

C18H34O2 
C,8H3.02 
CisFI  30O2 


.5 

8.0 

7.0 

48.0 

17.0 

9.0 

2.0 


0.2 

6.0 

2.0 


lorn* 

Cot¬ 

ton¬ 

seed 

Pea¬ 

nut 

Soy¬ 

bean 

But- 

ter^ 

3. 

7 

1  . 

7 

1  . 

0 

1 

9 

2. 

8 

0. 

1 

0. 

5 

0. 

1 

8 

1 

8 

1 

21 

0 

7 

0 

8. 

0 

25 

9 

2. 

5 

2 

0 

4 

0 

4. 

0 

11 

2 

0 

2 

3 

0 

0. 

6 

1 

2 

2 

0 

0 

3 

2 

0 

0 

1 

0 

6 

1 

2 

0 

2 

3 

.4 

30 

1 

29 

.0 

60 

.0 

28 

0 

32 

.8 

56 

.3 

45 

.0 

22 

.0 

54 

.0 

3 

.7 

2 

.0 

5 

.0 

1 

.7 

1 

.7 

Lard 


1.0 

28.0 

13.0 


Tal¬ 

low 


0.2 

3.0 

46.0 

6.0 

0.7 


0.1 

3.0 

29.0 

20.0 

0.8 


0.5 

2.0 

42.0 

2.0 

0.5 

0.1 


1  Baiir  and  Brown  0945). 

2  Hilditch  and  Ja.sper.son  (i;4i;. 

Tlie  properties  of  the  fat  will  be  governed  by  the  particidar  compo- 
„en Nand  tt  relative  amonnt  of  each.  Individnal  triglycendes  van 
oreatlv  in  their  physical  properties,  for  example,  melting  points  may  ) 
S  '  1=;0°F  or  below  0°F.  If  a  fat  contains  a  high  percentage  of 
S:  i^ll;;cmt:ents  it  will  be  solid  at  ordinary  temperatures,  if 
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low  molting  components  jnedominate  the  fat  will  be  li([ui(l  or, 
moiilv  termed,  an  oil. 


as  com- 


VVhih'  each  single  pore  triglyeericU'  will  have  a  definite'  melting  point, 
plastic  fats  consist  of  a  variety  of  triglycerides  of  various  melting  points 
so  that  solid  and  liquid  pliases  co-exist.  The  hardness  of  the  fat  is  related 
to  the  proportion  of  solids,  although  other  factors  such  as  crystal  form 
are  also  involved.  As  temperature  increases  more  of  the  triglycerides 
melt  and  the  fat  softens.  Fats  consisting  largely  of  intermediate  melting 
components  soften  rapidly  with  increasing  temperature  in  the  range 
where  these  components  melt  and  have  a  comparatively  “sharp”  melting 
point  and  short  plastic  range.  In  fats  consisting  mainly  of  a  combination 
of  very  low  melting  and  very  high  melting  triglycerides  the  amount  of 
the  solid  portion  and  the  hardness  does  not  change  as  much  with  a  tem¬ 
perature  change  and  these  fats  are  said  to  have  a  long  plastic  range. 

Two  chemical  methods  for  modifying  fats  are  used  commercially  in 
shortening  production— hydrogenation  and  interesterification. 

Hydrogenation.— Hydrogenation  is  the  addition  of  hydrogen  at  the 
double  bonds  in  the  fatty  acid  chain.  Polyunsaturated  acids  are  reduced 
to  monounsaturated  and  monounsaturated  acids  to  saturated.  Simul¬ 
taneously  with  the  addition  of  hydrogen,  other  reactions  take  place:  (1) 
the  double  bonds  migrate  along  the  fatty  acid  chain,  forming  positional 
isomers;  and  (2)  the  unsaturated  fatty  acids,  which  in  natural  fats  (with 
a  few  exceptions )  exist  in  the  cis  form,  may  be  converted  to  the  trans  form 
of  geometrical  isomer.  In  polyunsaturated  acids,  each  double  bond 
may  exist  in  either  the  cis  or  trans  configuration;  thus  making  possible 

several  isomers.  The  physical  properties  of  each  isomer  differ  from  those 
of  the  others. 


In  the  practical  art  of  hydrogenation,  the  conditions  of  hydrogenation 
are  controlled  to  govern  the  course  of  the  reactions  to  achieve  certain 
specific  properties  in  the  end  product.  These  properties  are  governed 
)y  the  selectivih'  of  the  hydrogenation,  as  well  as  the  degree  of  forma¬ 
tion  of  positional  and  geometrical  isomers.  A  selective  hvdrogenation 
IS  one  in  wdiich  all  of  the  polyunsaturated  acids  are  reduced  to  mono¬ 
unsaturated  acids  before  any  appreciable  amount  of  the  monounsaturated 
acids  are  i educed  to  saturated  acids. 

Commercial  Irydrogenation  is  carried  out  in  pressure  sessels  equipped 
with  agitators  and  means  for  cooling  and  heating.  finely  diWded 
nickel  catalyst  is  suspended  in  the  oil.  The  oil  is  heated  to  desired  tem¬ 
pera  nre  and  hydrogen  under  pressure  admitted.  Temperatures  are 
nsnally  m  the  range  of  2,50  to  4.5()“F„  and  pressures  from  (Ho  i()(l  p" 
^^^.e  reaction  is  exothermic  and  cooling  is  required  to  control  the  tenqlim 
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The  factors  allecting  hyclrogenatioii  are:  (1)  piirit\'  of  livclrogeii;  (2) 
purity  of  oil;  (3)  agitation;  (4)  type  of  catalyst;  (5)  temperature;  and 
(6)  pressure  and,  or  rate  ol  adniissiou  of  hydrogen  gas. 

The  first  three  factors  are  kept  essentially  constant  in  a  commercial 
operation.  Control  of  the  hydrogenation  is  effected  by  varying  the  last 
three  factors. 

Fats  and  oils  may  be  hydrogenated  to  complete  virtual  saturation  to 
produce  stearin  or  “flakes.”  The  characteristics  of  stearin  are  the  same 
regardless  of  the  conditions  of  hydrogenation,  so  conditions  are  generally 
chosen  to  complete  the  reaction  in  the  shortest  time. 

In  the  past,  large  quantities  of  standard  shortening  were  produced  by 
blending  approximately  12  to  15  per  cent  of  stearin  with  an  iinhydrogen- 
ated  oil.  This  type  of  shortening  is  still  produced  today,  but  it  is  com¬ 
mon  practice  to  hydrogenate  slightly  all  of  the  oil  to  give  it  added 
oxidative  stability. 

In  making  “all-hydrogenated”  shortenings,  the  stock  is  hydrogenated 
under  carefully  controlled  conditions  to  a  selected  end-point.  Two  or 
more  stocks  may  be  hydrogenated  to  different  degrees  and  blended  to 
give  even  greater  control  of  the  characteristics  of  the  finished  shortenings. 

In  general,  the  purposes  of  hydrogenation  are  to:  (1)  produce  semi¬ 
solid  shortenings  from  liquid  oils;  and  (2)  to  increase  the  resistance  of  the 
fat  to  oxidative  rancidity. 

Oxidation  of  the  fat  takes  place  by  reaction  of  oxygen,  at  the  double 
bonds.  The  polyunsaturated  acids  are  more  readily  oxidized  than  aie 
the  monounsaturated  acids;  therefore,  where  maximum  stability  is  de¬ 
sired,  highly  selective  hydrogenation  conditions  are  chosen.  By  reducing 
the  unsaturation  of  a  fat,  its  susceptibility  to  oxidation  is  reduced.  How¬ 


ever,  other  factors  also  affect  oxidation  so  saturation  alone  is  not  a  meas¬ 
ure  of  stability. 

While  hydrogenation  was  originally  practiced  primarily  on  vegetable 
oils  it  is  todav  commonlv  used  in  processing  meat  fats.  Since  meat  fats 
are ’already  semisolids,  the  degree  of  hydrogenation  possible  is  limited 
and  the  purpose  is  primarilv  to  increase  stability.  On  laid,  the  iocine 
^•alue  reduction  usually  will  not  exceed  10  to  12  points.  A  reduction  of 
as  little  as  2  to  3  points  has  a  marked  effect  on  the  oxidative  and  flavoi 

stabilitv  of  meat  fats. 

Interesterification.-While  interesterification  or  molecular  rearrange¬ 
ment  can  be  carried  out  on  any  fat  or  oil,  it  is  piimarily  of  commercia 
value  in  the  processing  of  lard.  As  pointed  out  earlier  in  this  chapte 
lard  is  a  widely  used  and  preferred  shortening  for  numerous  uses,  ni 
has  not  been  widely  acceptable  as  a  shortening  for  cakes,  icings  .an 
similar  uses  where  creaming  ability  is  important.  Some  improvement 
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the  creaming  ability  of  lard  is  affected  by  hardening  it  with  lard  flakes 
or  by  hydrogenation,  and  in  these  forms  some  usage  has  been  made 
[in  baking  cakes.  However,  this  type  of  lard  product  is  not  universally 
acceptable  for  this  purpose. 

The  unique  physical  properties  of  lard  are  believed  to  be  related  to 
a  specific  triglyceride  structure.  Examination  of  the  triglycerides  pres¬ 
ent  in  lard  reveals  that  in  the  mixed  triglycerides  of  lard  (that  is  those 
containing  both  saturated  and  unsaturated  fatty  acids)  the  unsaturated 
acids  are  predominately  in  the  one  and  three  positions  and  the  saturated 
in  the  two  position  ( Reiser  and  Reddy  1959). 

The  random  re-arrangement  reaction  ( Slater  1953;  Vander  Wal  and  Van 
Akkeren  1951 )  is  carried  out  on  vacuum-dried  lard  under  the  influence 
of  a  catalyst,  commonly  sodium  methoxide.  During  the  reaction,  the 
fatty  acid  groups  are  constantly  interchanged  within  and  among  the 
glyceryl  residues.  After  a  sufficient  time,  the  catalyst  is  inactivated  with 
water,  thus  stopping  the  reaction.  The  soap  resulting  from  the  catalyst 
is  removed  by  centrifuging  and  water  washing.  Steam  deodorization 
removes  residual  methyl  esters  as  well  as  making  the  product  odorless 
and  tasteless. 

The  resulting  rearranged  lard  has  physical  characteristics  quite  differ¬ 
ent  from  the  original  lard  as  measured  by  such  tests  as  melting  point, 
cooling  curve,  and  dilatometry.  Examination  of  the  glycerides  of  the 
rearranged  lard  reveals  more  nearly  random  distribution  of  the  various 
acids  present. 

Luddy  ct  al.  (1955)  determined  the  proportions  of  the  four  glyceride 

types  before  and  after  rearrangement  and  these  results  are  shown 
Table  45. 


m 


Table  45 


PROPORTIONS  OF 

GLYCERIDE  TYPES  IN 

LARD 

GSa 

GS2U 

GSU2 

GUa 

Untreated 

Rearranged 

Random 

2.9 

4.3 

5.3 

25.3 

27  3 

26.5 

53.3 

45.5 

43.9 

18.5 

22.9 

24.3 

acids  respectively. 


unsaturated  fatty 


,,,Tf  between  the  values  for  rearranged  lard  and  the 

.‘hie  shoidd  be  noted.  It  is  reason- 

plasfe  shortling'\hCTrfore^  T  “ 

g,  tneretore,  it  is  the  usual  practice  to  blend  a  percent- 
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age  of  completely  hydrogenated  meat  fats  or  vegetable  oils  or  to  hydro¬ 
genate  slightly  the  entire  mass  to  obtain  and  control  desired  plastic 
character. 

A  second  process  of  lard  rearrangement  called  directed  rearrangement 
(Hawley  and  Holman  1956)  is  also  used.  In  this  process,  the  catalyst  is 
sodium-potassium  alloy  (NaK)  and  the  reaction  is  carried  out  at  tempera¬ 


tures  below  the  melting  point  of  the  fat.  At  these  temperatures,  tri-satu- 
rates  precipitate  as  they  are  formed  by  the  reaction.  As  the  one  reaction 
product  is  removed,  the  liquid  phase  reaction  continues  to  seek  equilib¬ 
rium.  When  a  sufficient  amount  of  tri-saturates  are  formed,  the  catalyst 
is  inactivated  with  CO2  and  water,  and  the  soap  removed  in  much  the 
same  manner  as  for  random  rearrangement.  The  resultant  product  is 
hydrogenated  slightly  to  improve  its  plastic  range  and  processed  by 
conventional  methods  into  a  satisfactory  shortening  for  cakes  and  icings. 

Deodorization.— Butter,  lard  and  oleo  oil  are  the  only  shortenings 
marketed  in  the  U.  S.  which  are  naturally  flavored. 

All  of  the  other  shortenings  and  oils  and  including  much  lard  are 
deodorized  to  produce  a  bland  or  flavorless  product.  Vegetable  oils  all 
possess  undesirable  flavors  in  their  raw  state,  and  many  fats  which  are 
treated  with  bleaching  clays  or  by  hydrogenation,  acquire  unpleasant 
flavors  which  must  be  removed.  Rearranged  lard  must  be  deodorized 
to  remove  residual  methyl  esters. 

Deodorization  is  essentially  a  steam  distillation,  and  may  be  accom¬ 
plished  by  batch,  semi-continuous,  or  continuous  methods.  Whatever 
the  process  the  essential  feature  is  the  contacting  of  the  oil  at  high  tem¬ 
peratures  (up  to  475°F. )  with  steam  and  removal  of  the  steam  and 
volatiles  by  high  vacuum.  The  vacuum  used  in  modern  equipment  is  as 
low  as  1  to  2  mm.  Hg  ab.solute.  Complete  absence  of  air  is  essential 
to  effective  deodorization,  and  sensitive  leak  detection  equipment  is 
routinely  used  to  insure  complete  tightness  of  the  equipment. 

Deodorization  reduces  the  free  fatty  acid  to  very  low  levels  usually 
less  than  .05  per  cent  as  oleic.  Peroxide  values  are  reduced  to  nearly  0. 
The  volatile  Havor  and  odor  elements  are  essentially  completely  re¬ 
moved.  Considerable  bleaching  also  occurs. 

The  best  test  for  measuring  the  effectiveness  of  deodorizatmn  is  Havoi. 
While  absolute  blandness  is  the  aim,  there  is  always  a  veiy  slight 
Havor  and  odor.  Flavor  grading  of  oils  has  been  developed  to  a  hue  al¬ 
and  skilled  operators  freiiuently  identify  oiierational  difficulties  by  charac¬ 


teristic  Havors  in  the  oil. 

Bleaching.— A  white  appearance  is 
Some  bleaching  of  oils  takes  place  dm 
tion.  However,  most  shortenings  are 


[ireferretl  in  most  shoitenings. 
ing  hydrogenation  and  deodoriza- 
subjected  to  a  specific  bleaching 
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st('p.  Bleaching  is  acconiplislicd  l)y  adding  a  l)lcacliing  clay  to  the  heated 
oil  and  filtering  through  a  suitable  filter  ]')r(\ss.  A  vari('ty  ol  clays  .ne 
availabh',  sonu'  of  which  are  natural  bleaching  earths,  and  some  are  pre- 
l)ared  by  activating  tlu'  earth  with  acids.  Activated  charcoal  is  also 
used  at  times  in  combination  with  the  clay. 

The  type  of  absorbent  which  is  used  will  be  governed  by  the  type  of 
oil  being  bleached,  and  the  economic  factors  of  the  amount  of  clay  re- 
cpiired  and  the  oil  retention  of  the  spent  clay.  Shortening  manufacturers 
may  use  more  than  one  type  of  clay  and  switch  from  one  to  another,  de¬ 
pending  on  the  stocks  being  bleached. 

Plasticizing  and  Tempering.— The  final  step  in  the  production  ol 
shortening  is  the  plasticizing  and  tempering.  These  steps  are  of  impor¬ 
tance  in  achieving  the  proper  consistency  and  performance  character¬ 
istics  in  the  finished  plastic  shortening.  Plastic  shortenings  have  been 
shown  by  Bailey  ( 1951 )  to  consist  of  small  needle-like  crystals  enclosing 
liquid  oil.  In  the  crystallization,  the  finest  possible  crystal  structure  is 
desired,  to  achieve  smooth  appearance,  and  finii  consistency.  This  is 
best  accomplished  by  rapid  chilling. 

While  in  the  past,  several  devices  for  chilling  have  been  used,  today 
the  closed  continuous  internal  chiller  is  used  almost  exclusively.  This 
consists  of  an  externally  refrigerated  cylinder  or  “A”  unit  through  which 
the  fat  is  pumped.  This  cylinder  is  equipped  with  revolving  scraper 
blades  which  are  pressed  lightly  against  the  cylinder  walls  by  the  resist¬ 
ance  of  the  fat.  These  scrapers  prevent  the  formation  of  a  layer  of  fat 
on  the  refrigerated  surface,  and  maintain  high  heat  transfer  efficiency. 
In  the  “A”  unit,  the  temperature  of  the  fat  drops  from  about  115°  or 
120°F.,  to  between  55°  and  70°F.,  depending  on  the  type  of  fat. 

After  chilling,  the  shortening  passes  to  another  cylinder  or  "B”  unit 
where  it  is  maintained  in  constant  agitation  by  means  of  a  rotating  shaft 
fitted  with  a  seiies  of  fingers  which  intermesh  with  stationary  fingers  on 
the  shell.  This  cylinder  is  neither  heated  nor  cooled,  but  during  the 
passage  the  product  temperature  will  rise  several  degrees  due  to  the 
evolution  of  heat  of  crystallization.  If  the  product  is  filled  directly  from 
the  A  unit,  it  will  be  of  poor  texture  and  excessively  hard  On  the  other 
hmid  excessive  retention  time  in  the  “B”  unit  can  result  in  a  product 
wiich  is  too  soft.  Many  installations  are  equipped  with  multiple  “B” 

units  and  the  number  used  can  be  varied  with  requirements  for  a  par¬ 
ticular  product. 

Air  is  usually  introduced  into  tlie  chilling  unit  along  with  the  short- 
en.ng  In  lard,  this  is  usually  6  to  8  per  cent  by  voh.me,  a.r<l  in  short- 
enmg  10  to  5  per  cent.  During  the  ehillhrg  process,  this  air  is  thoroughly 
incorporated  into  and  remains  in  the  plastic  shortening  in  the  form  of 


152 


HAKKRY  tix;iin()lo(;y  and  engineering 


minute  bubbles.  These  contribute  a  white,  opaque,  creamy  appearance. 
Tlie  product  is  normally  under  high  pressures  in  both  the  “A”  and  “B” 
units.  Immediately  before  going  into  the  package,  it  passes  through  an 
expansion  valve.  This  rapid  expansion  improves  the  sheen  and  ap¬ 
pearance  of  the  product. 

After  the  packages  are  filled,  they  are  held  at  temperatures  of  80°  to 
85°F.,  for  approximately  48  to  72  hours  to  “temper”  the  shortening.  The 
temperature  of  the  product  rises  several  degrees  indicating  that  further 
development  or  change  in  form  of  the  crystals  is  taking  place.  This  tem¬ 
pering  period  is  important  to  the  development  of  optimum  creaming  and 
consistency.  In  a  recent  test  on  all-purpose  hydrogenated  vegetable 
shortening,  the  differences  in  penetration  and  pound  cake  volume  shown 
in  Table  46  were  found  in  samples  held  at  7()°F.  for  varying  times  after 

filling. 


Table  46 


EFFECT  OF  HOLDING  TEMPERATURE  ON  CONSISTENCY  AND  POUND  CAKE  VOLUME  OF  A 

HYDROGENATED  VEGETABLE  SHORTENING 


Holding  Period 

Temper¬ 

ature 

ASTM 

Penetration^ 

Pound  Cake 
Volume,  Ml.^ 

96  hours 

48  hours 

Specification  for  comparison 

o  o 

0  o 

138 

149 

135-155 

230 

268 

250  Min. 

» In  these  tests  it  would  be  expected  that 

replicate  samples 

would  agree  within  5  points  on  penetration  and  10 

points  on  cake  volume. 


Storage  of  Shortening 

Most  manufacturers  recommend  that  shortenings,  particiilarly  those 
intended  for  uses  where  creaming  is  important,  be  held  at  70  to  bO  . 
Observance  of  these  conditions  is  important  if  maximum  ‘ 

desired.  At  low  temperatures  shortenings  become  hard  and  bnt t  e  an 
difficult  to  work.  At  high  temperatures  they  become  excessive  y  s 
and  show  impaired  creaming  quality.  In  addition  to  these  obvious  eb 
fects  shortenings  exposed  to  high  temperatures  show  permanently 
paired  crerming  properties  even  when  brought  back  to  norma  room 
temperatures  bi  extreme  cases  of  high  temperature  storage  the  physic, 
apZr"of  the  shortening  will  be  changed  and  appear  dark  ami 
“Vaseline  like  ”  The  changes  are  believed  to  be  due  to  changes  m 
^  .  1  I  thp  solid  Dortions  of  the  fat  which  are  promoted  by  the 

high  tem°p™ature  and  temperature  change.  As  might  be 
enings  wfth  high  solids  at  the  higher  temperatures  appear 

changes  best. 
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Properly  tempered  shortening  exposed  to  cold  temperatures  will 
usually  temper  back  to  70°  to  80°F.  without  permanent  impairment 
of  its  performance  or  its  appearance.  Raising  the  temperature  of 
shortening  from  40°  or  45°F  to  70°F.  may  require  a  week  or  more  for 
drums. 

Shortenings  should  not  be  stored  near  odorous  materials.  Fats  are 
prone  to  absorb  many  foreign  odors  which  are  undesirable  in  the  short¬ 
ening. 

Antioxidants 

Lard  and  beef  fats  in  their  natural  state  are  considerably  less  stable 
to  oxidative  rancidity  than  hydrogenated  vegetable  oils  of  the  same  de¬ 
gree  of  saturation.  This  phenomenon  is  due  to  the  presence  of  certain 
natural  antioxidants  in  vegetable  oils.  Over  the  years  a  great  deal  of 
research  effort  was  directed  at  finding  effective  antioxidants  which  would 
make  meat  fats  sufficiently  stable  for  those  applications  requiring  high 
stability  fats.  Many  substances  were  investigated  and  within  the  last 
two  decades  a  number  of  substances  have  been  developed  which  are 
highly  satisfactory. 

The  Meat  Inspection  Regulations  (Anon.  1957)  specify  the  antioxidants 
which  may  be  used  in  meat  fat  shortenings  and  maximum  levels.  When 
antioxidants  are  used  in  accordance  with  these  regulations  the  shortening 
must  be  labelled  Oxidation  inhibitor  added  to  improve  stability”  or 
“Oxygen  interceptor  added  to  retard  rancidity.”  The  following  antioxi¬ 
dants  are  peimitted  at  the  levels  indicated: 


Resin  guaiar 

Per  cent 

0.10 

Nordihydroguaiaretic  Acid  (NDGA) 

0.01 

Tocopherols 

0.03 

Butylated  hydroxyanisole  (BHA) 

0.01 

Butylated  hydroxytoluene  (BHT) 

0.01 

Propyl  gallate 

0.01 

If  two  or  more  of  the  antioxidants  BHT,  BHA,  NDGA  or  propyl  eallate 
are  used,  the  total  may  not  exceed  0.02  per  cent. 

In  addition  to  these  antioxidants  .01  per  cent  of  citric  acid  and/or 
phosphoric  acid  and/or  monoisopropyl  citrate  may  be  used.  These  ma¬ 
terials,  although  not  antioxidants,  are  synergists  which  enhance  the  effect 
o  the  antioxidants.  Since  these  materials  are  all  chelating  agents  it 

.nl/r'’'’  ‘o  tl'e  scavenging  of 


1 
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While  all  of  the  above  antioxidants  are  effective,  they  are  by  no  means 
equivalent.  BHT  and  BIIA  and  to  a  lesser  extent  NDGA  and  resin  guaiar 
have  a  carr\'  through  effect  in  stabilizing  the  finished  baked  goods.  Propyl 
gallate  has  no  carry  through  effect  although  it  is  very  effective  in  sta- 
bilizing  the  fat. 

Some  of  these  antioxidants  exhibit  color  effects  under  certain  conditions. 
Propyl  gallate  in  the  presence  of  moisture  and  iron  shows  a  deep  blue 
coloration.  NDGA  and  propyl  gallate  may  show  green  discolorations 
when  mixed  with  egg  yolk.  Resin  guaiar  is  also  reported  to  show  coloi 
reactions  under  certain  conditions. 


It  is  common  practice  to  utilize  a  combination  of  antioxidants  and  acidic 
synergists.  These  combinations  are  chosen  to  achieve  optimum  results  for 
particular  types  of  shortenings. 

Table  47  illustrates  the  stabilizing  effect  of  BHA  and  propyl  gallate  on 
lard  and  the  synergistic  effect  of  citric  acid,  as  well  as  the  carry  through 


effect  of  BHA  in  crackers  and  pastry. 


Table  47 

EFFECT  OF  ANTIOXIDANTS  ON  STABILITY  OF  LARD  AND  BAKED  PRODUCTS^ 


.Antioxidant, 
Per  cent 


.Average  .AOM 
Stability, 
Hrs.  ' 


C'.arry  Through  Effectiveness 
Schaal  Oven 


Cracker,  Days  Pastry,  Days 


None 


4.6  (9) 
20.4  (7) 


143 

556 


20 

278 


.0\  BHA  1 

.  002  Citric  acid  / 

01  BHA  1 

26.4  (4) 

452 

291 

,  002  Citric  acid  f 

.003  Propyl  gallate  j 

-d 

GC 

v.,1  - - f  - 

1  Dungan  et  al.  (1951). 

Emulsifiers 

Emulsifiers  are  widely  used  as  ingredients  in  ^ 

icings  and  bread.  Monoglyeerides  and  d.glycerules  of  fa  ty 
certain  other  organic  acids  are  by  far  the  most  widely  used.  Not  o,  y  < 

particularly  tor  bieU  ^  ^  j  f  f„,  p.e  past  several 

l>een  m  the  langc  o  35  to  4U  1  .  ,|,„rtening  produced. 

•  7  ^lldirce  id  r  1  e  similar  chemically  to  triglycerides  escept 

o!7wo  fatty  acids  are  as,sociated  with  each  glycerol  molecule. 
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The  stnictunil  fornuilas  arc  as  follows: 

() 

n  I! 

H— C— O— Cl— R 
H— C— OH 
H— C— OH 
H 

Monoglyceride 


(  ) 

■I  II 

H  c  o  c;  R 
I  o 

H— C— O— C— R' 

H-  C— OH 

! 

H 

Diglyceride 


The  symbol  R  represents  the  carbon  chain  of  the  fatty  acid. 

The  OH  groups  are  hydrophilic  while  the  fatty  acid  group  is  lipophilic, 
accounting  for  the  surface  active  properties.  Mono-  and  diglycerides  are 
fonned  by  the  partial  hydrolysis  of  triglycerides,  and  are  formed  from 
triglycerides  in  the  digestive  tract  during  the  metabolism  of  fats.  Mono¬ 
glycerides  are  also  found  normally  in  all  fats  and  oils  at  levels  of  a  few 
tenths  of  one  per  cent.  Since  they  are  considered  natural  ingredients  of 
food  fats  and  are  metabolized  in  the  same  manner  as  triglycerides  in  the 
body,  there  is  no  objection  to  their  use  in  food. 

Monoglycerides  are  functionally  many  times  more  effective  than  di¬ 
glycerides  and  the  monoglyceride  content  is  considered  the  significant 
measure  of  activity,  although  the  most  common  commercial  preparatiovi 
contains  approximately  equal  quantities  of  the  two.  Evidence  has  been 
presented  that  under  certain  circumstances  the  diglyceride  content  mav 
have  either  a  slightly  beneficial  or  a  slightly  detrimental  effect. 

Commercially,  monoglycerides  are  prepared  by  the  reaction  of  a  normal 
fat  with  an  excess  of  glycerol  using  an  alkaline  catalyst.  The  reaction  is 
carried  out  at  elevated  temperatures  under  an  inert  gas.  The  reaction, 
which  is  an  interesterification,  proceeds  to  equilibrium.  The  final  product 
is  a  mixture  of  mono-,  di-,  and  triglycerides.  The  composition  of  the 
equilibrium  mixture  is  determined  b\’  the  ratio  of  glycerin  to  fat  and  the 
conditions  of  the  reaction.  Mixtures  with  40  to  45  per  cent  alpha-mono¬ 
glycerides  are  the  most  common,  although  mixtures  containing  52  to  56 
per  cent  alpha-monoglycerides  are  also  manufactured. 

y though  some  authorities  have  stated  that  manufactured  monoghc- 
erides  contain  only  alpha-monoglycerides,  it  now  appears  that  these  manu- 

fartured  products  contain  substantial  quantities  of  beta-monoglvcerides 
(  Rrokaw  et  al.  1955  ).  ’ 


Products  containing  90  per  cent  monogly 
distillation,  and  are  also  available. 


eeriue  are  made  bv 


The  function  of  the  monoglyceride  in  each  particular  use  is  related  to 
degree  ol  saturation  of  the  fat  from  which  it  is  made  and  to  th,.  fat!v 
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acid  chain  length.  Those  most  commonly  used  are  made  From  cottonseed 
oil,  lard,  partially  or  completely  hydrogenated  cottonseed  oil,  and  com¬ 
pletely  hydrogenated  lard  or  tallow. 

Physically  the  various  monoglycerides  resemble  in  a  general  way  the 
fat  from  which  they  are  made.  When  incorporated  in  shortening  the 
saturated  ones  exhibit  a  hardening  effect  similar  to  tristearin  while  the 
imsatnrated  ones  have  a  softening  effect.  Physical  as  well  as  functional 
factors  must  be  considered  in  formulating  a  shortening  for  a  given  purpose. 

In  recent  years  a  type  of  mono-  and  diglyceride  containing  lactic  acid 
in  addition  to  fatty  acids  has  been  used  to  some  extent.  These  are  gen¬ 
erally  made  by  direct  esterification  of  fatty  acids,  lactic  acid  and  glycerin. 
These  emulsifiers,  sometimes  called  lactylated  emulsifiers,  have  been  used 
for  shortenings  designed  primarily  for  cakes.  They  have  excellent  ability 
to  whip  and  incorporate  air  into  cake  batters  under  certain  specific  condi¬ 
tions  of  formulation. 

Lecithin  is  used  as  an  emulsifier  in  some  specialty  shortenings  to  a 
limited  extent.  Its  use  is  usually  in  conjunction  with  other  emulsifiers 
rather  than  by  itself. 

Polyoxyethylene  sorbitan  monostearate  has  been  used  as  an  emulsifier 
in  specialty  shortenings  for  cake  icings  and  fillings.  It  appears  to  be  quite 
effective  in  stabilizing  the  emulsion  and  reducing  weeping  in  fillings 
containing  high  percentages  of  water. 


TYPES  OF  SHORTENINGS 

Shortenings  may  be  classified  either  by  the  raw  materials  from  which 
they  are  made  or  bv  the  use  for  which  they  are  intended.  In  the  past  the 
former  method  of  classification  was  quite  widely  used  and  pure  vegetable 


shortenings  were  considered  to  have  functional  properties  for  certain  uses 
not  attainable  with  meat  fats.  In  recent  years,  the  use  of  rearrangement, 
antioxidants  and  other  technological  advances  have  made  possible  pi  educ¬ 
tion  of  shortenings  from  various  raw  materials  which  are  functionally 
equivalent.  Currently  most  manufacturers  make  parallel  lines  of  shorten¬ 
ings  from  vegetable  oils  and  from  meat  fats.  For  each  functional  type 
these  are  interchangeable  so  that  many  bakers  approve  and  use  either 
tvpe,  interchangeably,  with  price  being  the  deciding  factor. 

'  Functionally,  shortenings  may  be  divided  into  three  major  classifica¬ 
tions,  although  in  recent  years  there  has  been  an  increasing  number  of 
specialty  shortenings  designed  for  optimum  performance  m  one  specific 

'''^There  are  certain  properties  that  are  considered  desirable  and  sought 
in  all  processed  shortenings:  (I)  bland  flavor;  (2)  white  appearance;  (3) 
good  plasticity;  and  (4)  flavor  and  oxidative  stability. 


Table  48 
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Tlie  relative  importance  of  the  last  two  factors  will  differ  with  shorten¬ 
ings  for  diflerent  uses. 


All  Purpose  Shortenings 


As  the  name  implies  these  are  used  for  many  different  bakery  uses.  In 
this  type  of  shortening  emphasis  is  on  good  plasticity  and  creaming 
qualities.  While  stability  is  relatively  high,  extremely  high  stabilities  are 
not  sought  at  the  expense  of  plasticity.  In  producing  these  shortenings, 
the  bulk  of  the  fat  is  processed  by  hydrogenation  and  blending  to  a  some¬ 
what  softer  consisteney  than  finally  desired,  and  then  4  to  12  per  cent  of 
completely  hydrogenated  fat  is  added  to  achieve  the  plasticity  and  plastic 
range. 

Several  tvpes  of  all  purpose  shortening  are  manufactured.  All  hydro¬ 
genated  and  rearranged  lard  types  are  generally  considered  the  best 
functionally  and  are  sold  as  premium  products.  Analytical  and  perform¬ 
ance  characteristics  determined  on  samples  of  several  widely  sold  brands 
are  given  in  Table  48. 


Standard  shortenings  made  both  from  meat  fats  and  from  vegetable  oils 
are  also  manufaetured  and  sold  at  somewhat  lower  prices  than  the 
premium  shortenings  from  the  same  raw  materials.  Pure  vegetable 
standard  shortening,  which  is  identified  by  the  labelling  Made  from 
hardened  vegetable  oils’  consists  of  very  slightly  hydiogenatcd  oi  unhy¬ 
drogenated  oils  hardened  with  a  considerable  percentage  of  stearin. 
They  are  generally  slightly  inferior  to  the  all  hydrogenated  product  in 
stability  and  creaming  qualities  although  they  do  have  excellent  plastic 

range. 

Blended  standard  shortening  is  made  from  meat  fats  and  vegetable  fats 
or  from  meat  fats  only.  Edible  tallow,  nnrearranged  lard,  and  vegetab  e 
oils  are  used  as  the  raw  materials.  Characteristics  are  controlled  primarily 
by  blending  of  the  fats.  Some  of  the  raw  materials  may  be  hydrogenated. 
Vegetable  oils  are  almost  always  hydrogenated  at  least  to  a  slight  degree. 


High  Absorption  Shortenings 

Tliesc  are  made  specifically  for  cake  and  icing  work  and  contain  added 
emulsifiers.  Most  commonly  the  emulsifier  is  of  the  mono-  and  diglyceiide 
type  These  shortenings  make  possible  the  use  of  increased  proportions  ot 
moisture  and  sugar,  and  produce  cakes  which  are  sweeter,  more  teiu  ei, 
of  finer  grain,  moister,  and  with  le.ss  tendency  to  dry  on  .  In  icngs  ai.d 
fillings  these  shortenings  produce  a  finished  prixlnct  wine  i  is  smut 

and  more  .stable. 

As  in  the  case  ot  all  purpose  shortenings  the  plasticity  and  plastic  lang 
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are  of  prime  importance,  and  physical  characteristics  are  similar  to  those 
of  all-purpose  shortenings. 

The  type  and  quantity  of  emulsifier  must  be  carefully  chosen  and  con¬ 
trolled  for  optimum  results.  The  optimum  ranges  of  emulsification  are 
different  for  cakes  and  for  icings.  Since  dual  use  of  the  shortening  is 
desirable  for  most  bakers  the  emulsifier  is  controlled  in  the  area  where 
these  ranges  overlap. 

For  certain  applications  such  as  whipped  toppings  or  fluffy  type  fillings 
specialized  shortenings  are  offered.  These  have  emulsifier  systems  ad¬ 
justed  to  obtain  optimum  results  for  the  particular  use.  Polyoxyethylene 
sorbitan  monostearates  have  been  used  by  some  manufacturers  in  these 
shortenings.  Table  49  gives  the  analysis  of  a  number  of  representative 
brands  of  high  absorption  shortenings. 


High  Stability  Shortenings 

These  shortenings  are  widely  used  for  deep  fat  frying  and  biscuit  and 
cracker  use  where  maximum  stability  is  required.  Both  meat  fat  and 
vegetable  oil  products  are  produced  and  the  shortening  is  invariably 
hydrogenated.  Emphasis  is  on  stability  and  stabilities  by  the  AOM 
method  generally  exceed  100  hours.  Plasticity  and  plastic  range  are  less 
critical  for  this  shortening  and  arc  compromised  in  part  to  obtain  the  high 
stabilities. 

Hydrogenation  is  carried  to  the  lowest  possible  iodine  value  consistent 
with  minimum  plasticity  requirements  and  no  stearin  is  added.  As  a 
result  relatively  less  of  the  higher  and  lower  melting  point  triglycerides 
are  present  and  the  product  has  a  shorter  plastic  range  than  the  all¬ 
purpose  product.  , 

In  certain  frying  operations  the  sharper  melting  point  is  a  very  desirable 

factor  since  the  shortening  “sets  up”  on  the  surface  more  quickly  and  gives 
a  drier  or  less  greasy  appearance.  In  certain  doughnut  operations  this 
characteristic  is  essential  to  the  proper  glazing  or  sugaring  of  the  doughnut. 

Although  basically  more  saturated,  high  stability  shortenings  actually 
have  low  melting  points  because  of  the  absence  of  stearin. 
melting  point  tends  to  give  better  eating  qualities  in  certain  high  fat  foo  ^ 
Typfcal  analytical  characteristics  of  high  stability  shortenings  m  e 
frorn  hydrogenated  vegetable  oils,  hydrogenated  meat  fats  and  vegeta 
oils,  and  hydrogenated  lard  are  given  in  Table  50. 

Shortenings  for  Bread  and  Yeast  Raised  Goods 
A  number  of  manufacturers  make  specialized 
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Hydrogenated 
Meat  Fats  and 
Vegetable  Fats 

Hydrogenated 

Lard 

Hydrogenated 
Vegetable  Oils 

FFA.  Per  cent  Max. 

.05 

.05 

.05 

Color  Max. 

15Y  1  .5R 

15Y 1 .5R 

20Y  2. OR 

(Lovibond  SVi  in.  Col.) 
Iodine  Value 

52 

55 

68 

Wiley  M.P.  °F. 

113 

115 

102 

Congeal  °F. 

95 

97 

84 

.S.F.I.  SOT. 

39 

38 

44 

70  °F. 

27 

30 

31 

92  °F. 

16 

15 

14 

104°F. 

8 

10 

3 

Stability  AOM  Hrs. 

100  + 

100  + 

100  + 

ippear  to  predominate.  Monoglyceride  content  approximates  eight  per 
ient  which  is  the  maximum  permitted  in  standard  bread.  Preferred 
nonoglycerides  are  those  made  from  low  iodine  value  fats. 

As  compared  with  straight  triglyceride  shortenings  these  shortenings 
exhibit  certain  advantages  in  the  handling  of  doughs  during  fermentation 
md  makeup.  They  also  increase  the  tenderness  and  softness  of  the  baked 
product  and  retention  of  softness  over  a  normal  shelf  life  period. 

lakers’  Margarines 


Margarines  are  essentially  emulsions  containing  approximately  80  per 
:ent  of  fat  plus  water,  milk  solids,  salt,  emulsifiers  and  certain  other 

are  intended  to  simulate  butter  and  are 
Drimarily  used  as  table  spreads.  Flavor  is  developed  in  margarine  by 
ipening  the  milk  used  in  it  with  bacterial  cultures  and  by  the  addition 
)f  diaeetyl.  The  consistency  of  margarine  is  largely  detemined  by  the 
,'haracteristics  of  the  fat  used  in  its  manufacture’  While  for  table  spread 
tse,  high  melting  point  and  waxy  consistency  must  be  avoided,  baker’s 
nargarines  are  not  so  restricted  since  they  are  used  as  an  ingredient  and 
lot  eaten  as  such.  Therefore  bakers’  margarines  have  higher  melting 

joints  and  longer  plastic  range,  being  not  unlike  shortenings  intended  for 
lie  same  purposes. 

P.^  paste  margarine  is  a  particularly  tough  and  waxy  product  possessing 
he  extensibi  ity  desired  for  roll-in  operations.  The  base  fat  is  very  high 
mg  aiK  las  wide  plastic  range,  usually  consisting  of  a  blend  of  liauid 

”  r  ifanl  "V'  -«oi 

oil  and  35  per  cent  oleostearin.  The  method  of  crystallization  is 

mportant  to  the  development  of  the  desired  consistencv  and  several 

(naniifactiirers  still  prefer  the  traditional  method  of  water  crwstallizlthm 
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ratlu'r  than  tlie  contimious  crystallizing  system  used  on  other  margarines. 
Puff  paste  shortening  is  similar  to  pnlf  paste  margarine  except  that  it 
contains  water  instead  of  milk. 

ANALYTICAL  TESTS 

Free  Fatty  Acid 

The  free  fatty  acid  determination  essentially  measures  uncombinecl 
fatty  acid.  In  evaulating  a  shortening  by  this  test  different  criteria  are 
used  for  deodorized  shortenings  and  for  the  natural  flavored  shortenings. 
Lard  and  oleo  oil  processed  by  normal  means  will  have  an  appreciable 
free  fattv  acid  content  with  a  level  of  .50  per  cent  for  lard  and  .35  per  cent 
for  oleo  oil  being  considered  generally  acceptable;  deodorized  shortenings 
will  usually  have  less  than  .05  per  cent,  although  shortenings  containing 
an  emulsifier  will  frequently  exceed  this  level.  Within  reasonable  limits 
there  is  no  correlation  with  performance;  however,  levels  above  those  cited 
may  be  indicative  of  poor  processing  techniques. 

Free  fatty  acid  is  a  significant  control  test  for  deep  fat  frying  operations, 
since  it  measures  the  degree  of  hydrolysis  taking  place  during  frying.  In 
a  well  controlled  continuous  frying  operation  the  free  fatty  acid  will 
generally  reach  an  equilibrium  value  and  stay  rather  consistently  at  that 
value,  since  the  rate  of  hydrolysis  is  balanced  by  the  rate  of  vaporization 
of  fatty  acids  and  the  dilution  of  the  fat  with  fresh  fat. 


Color 


The  color  of  a  shortening  is  of  little  importance  functionally.  Its  value- 
is  esthetic  in  that  a  white  product  seems  to  be  more  acceptable.  Withim 
reasonable  limits  the  color  of  the  shortening  is  not  reflected  in  the  ■ 

i^roduct  Colors  on  the  melted  shortening  are  determined  on  the  Lovnbond 
scale  bv  visual  comparison  of  a  5V4  inch  column  of  oil  with  calibrated 
red  and  vellow  glass  slides.  Customarih^  shortenings  are  bleached  so  that: 
the  colo;  on  the  Lovibond  scale  is  in  the  range  of  10  to  20  yellow  and  1  to: 
2  red.  An  extreme  oft  color  may  indicate  improper  processing,  or  in  some 
instances  a  poor  quality  raw  mateiial. 


Iodine  Value 


Iodine  value  indicates  the  degree  of  saturatiori  of  a  fat  and  in  spec'fic. 
cases  will  indicate  hardness  or  softness.  In  finished  .shoitenmgs  i 
eiati’velv  meaningless  bv  itself.  As  an  example,  meat  fat  shortenings 
generally  have  iodine  values  10  to  15  points  lower  than 
vegetable  oil  shortenings  of  equivalent  physical  and  functional  ch.ir.ic 

teristics. 


shohtenincs 


163 


tability  Tests 

The  active  oxygen  method  (AOM)  is  the  most  widely  used  accelerated 
?st  for  the  oxidative  stability  of  a  shortening.  This  consists  of  bubbling 
ir  through  a  sample  of  the  fat  at  208° F.  and  determining  the  time  in  hours 
)r  a  specific  peroxide  value  to  develop.  A  peroxide  value  of  100  me.  pei 
g.  has  been  established  as  the  standard  end  point  by  the  A.O.C.S.  How- 
ver,  other  end  points  are  sometimes  specified  for  certain  fats  since  they 
ive  better  correlation  with  the  actual  organoleptic  rancidity. 

A  modification  of  this  test  using  a  temperature  of  230°F.  is  widely  used. 
w  this  modification  the  end  point  is  reached  in  about  40  per  cent  of  the 
me  required  for  the  Standard  method  which  is  a  very  obvious  advantage 
u'  control  work. 

The  Schaal  or  oven  test  consists  of  holding  a  sample  of  the  fat  at  a 
'inperature  of  145°F.  until  it  develops  organoleptic  rancidity.  This  test 
;  also  adaptable  to  determining  the  stability  of  the  fat  in  baked  goods. 

.  number  of  tests  have  been  described  based  upon  oxygen  absorption, 
'hese  are  based  on  the  phenomenon  that  when  held  under  an  atmosphere 
f  air  or  pure  oxygen  there  will  be  a  sudden  absorption  of  oxygen  at  the 
nd  of  an  induction  period. 

Because  of  the  extremely  complex  mechanism  of  oxidation,  there  is  no 
irect  or  simple  correlation  between  these  various  tests.  In  specific 
istances  of  products  requiring  long  shelf  life,  it  has  been  customary  to 
lake  actual  extended  storage  tests  and  correlate  this  with  the  particular 
ccelerated  test  being  used.  Ordinarily  the  stability  of  the  fat  by  the 
ccelerated  method  is  established  at  a  level  which  includes  a  considerable 
ictor  of  safety. 

eroxide  Value 

The  peroxide  value  is  a  measure  of  the  content  of  reactive  oxygen 
^pressed  as  milliequivalents  of  oxygen  per  kilogram  of  fat.  It  is  deter- 
lined  by  a  reaction  with  potassium  iodide  and  titration  of  the  excess  with 
otassium  thiosulfate.  As  indicated  previouslv  it  is  used  as  a  measure 
f  the  end  point  for  the  AOM  stability  test.  It  is  also  a  measure  of  the 
egree  of  exposure  of  a  fat  to  oxygen.  Deodorization  reduces  the  peroxide 
ahie  of  fat  to  zero  and  deodorized  shortenings  will  normally  have  a 

eroxide  value  of  less  than  1.0.  A  level  of  up  to  4.0  is  considered  normal 
)r  good  quality  lard. 


ongealing  Point  and  Melting  Point 

These  measurements  are  commonly  made  on  shortenings  and  oils  and 
re  .mportant  control  tests  in  the  manr.facture  of  shorteMng.  Melting 
oint  IS  somewhat  confusing  as  applierl  to  a  fat.  Fats  do  not  have  sharp 
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melting  points  as  do  pure  compounds.  Actually  they  are  mixtures  of  many 
components  both  liquid  and  solid  at  a  given  temperature.  Fats  soften  and 
melt  in  a  gradual  manner  over  a  considerable  range  of  temperatures, 
therefore,  the  term  melting  point  has  little  meaning  unless  the  method  is 
specified. 

The  methods  in  common  use  differ  principally  in  the  end  point.  These 
end  points  are  visual  and  some  considerable  training  of  the  analyst  is 
required  to  get  results  which  correlate  with  other  observers.  Wiley 
melting  point  is  perhaps  the  most  widely  used.  In  this  test,  a  tablet  of 
the  solidified  fat  is  floated  in  a  test  tube  between  layers  of  water  and 
alcohol.  The  end  point  is  that  temperature  at  which  the  tablet  assumes  a 
spherical  form. 

The  capillary  or  closed  tube  melting  point  is  the  temperature  at  which 
a  sample  contained  in  a  small  glass  tube  becomes  completely  clear.  The 
open  tube  melting  point  sometimes  called  the  softening  point  is  the 
temperature  at  which  a  sample  solidified  in  an  open  tube  immersed  in 
water  will  soften  sufficientlv  to  rise  under  the  buovant  effect  of  the  water. 
In  general  the  open  tube  melting  point  will  be  the  lowest  of  the  three; 
the  Wiley  melting  point  intermediate  and  the  closed  tube  capillary  melt¬ 
ing  point  the  highest.  The  spread  between  these  melting  points  will  be 
greatest  with  fats  having  a  wide  plastic  range  and  less  with  those  fats  with 
a  short  plastic  range. 

Congealing  point  is  determined  by  cooling  a  sample  of  fat  with  stirring 
until  the  fat  becomes  cloudy.  The  sample  is  then  allowed  to  remain 
quiescent  in  an  air  bath  held  at  68°F.  Under  these  conditions  a  rise  in 
temperature  occurs  and  the  maximum  temperature  reached  is  considered 

the  congealing  point. 

These  tests  are  all  widely  used  by  shortening  manufaeturers  as  control 
tests  to  determine  the  physical  properties  of  the  shortening.  As  isolated 
tests  on  finished  shortening  these  have  relatively  little  meaning.  However, 
either  alone  or  in  combination,  these  tests  may  be  highly  significant  to 
the  shortening  manufacturer  who  can  relate  them  to  the  raw  materials 
and  processing  techniques  which  he  is  using. 


Dilatometry 

This  technique  is  very  widely  used  by  the  shortening  industiy  in 
describing  and  controlling  the  physical  properties  of  fats.  It  is  based  upon 
the  difference  in  densitv  between  liquid  and  solid  fats.  By  measuring  tie 
change  in  densitv  or  specific  volume  of  a  fat  sample  at  various  tempenai- 
tnres  an  approximation  may  l>e  made  of  the  percentage  of  the  fat  m  tl  e 
,s,.lid  pl,a,se  at  tlrese  temperatures.  These  values  are  usually  referrc^  to  a 
the  solids  fraction  index.  A  standard  method  tor  tins  procedure  has  hctn 
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Jopted  by  the  American  Oil  Chemists  Society  (Anon.  1958B);  however, 
ifFerent  lalioratories  use  variations  of  this  technique  and  obtain  slightly 
ifferent  values  on  the  same  fats.  In  most  cases  a  correlation  may  be 
'orked  out  between  any  two  methods.  Determinations  may  be  made  at 
iiy  temperature,  although  commonly  they  are  made  at  50°F.,  70°F.,  80°F., 
2°F.  and  100°  or  104°F. 

The  solids  fraction  index  can,  in  general,  be  related  to  the  physical 
roperties  of  the  fat  over  this  temperature  range.  Fats  with  a  wide  plastic 
mge  will  produce  a  flatter  curve  with  less  difference  in  S.F.I.  at  the 
irions  temperatures.  Short  plastic  range  fats  will  have  a  steep  curve, 
enerally  being  high  at  the  low  temperatures  and  low  at  the  high  tem- 
eratures.  Here  again,  the  absolute  values  are  not  completely  significant 
ad  in  the  interpretation  of  these  results  some  consideration  must  be  given 
)  the  raw  material  fats  used  in  the  shortening. 


moke  Point 

This  is  the  temperature  at  which  the  fat  will  just  begin  to  smoke, 
ctually  the  smoke  point  is,  in  most  cases,  related  directly  to  the  free  fatty 
:)id  content  of  the  fat,  and  all  well  deodorized  shortenings  ( except  those 
ith  emulsifiers)  will  have  about  the  same  smoke  point.  Regardless  of 
le  initial  smoke  point,  any  fat  used  in  deep  fat  frying  will  rapidly  hydro- 

'ze  and  develop  sufficient  free  fatty  acid  to  lower  the  smoke  point 
ibstantially. 

The  analytical  tests  so  far  described  are  basically  control  tests  and  as 
ich  are  primarily  of  interest  to  the  shortening  producer.  Although  the 
‘Sts  described  are  the  commonest  ones,  there  are  a  great  many  other 
iialytical  tests  of  a  physical  and  chemical  nature  which  are  used  by 
3rtain  manufacturers  in  their  control  of  shortening.  For  the  most  part 
lese  tests  cannot  be  directly  correlated  with  performance  of  the  short- 
nng  in  a  bakery  product.  Similarity  of  two  shortenings  in  one  or  several 
t  these  analytical  respects  does  not  insure  that  they  will  be  comparable 
I  perfonnance.  Conversely  two  shortenings  with  considerably  different 
lalyses  may  give  similar  performance.  In  some  particular  instances  a 
Decific  factor  m  performance  may  be  correlated  with  one  or  more  of  these 
lalytical  tests,  ^though  this  is  the  exception  rather  than  the  rule  How¬ 
ler  some  famiharity  with  these  tests  is  helpful  to  the  baker  in  under- 
anding  some  of  the  characteristics  of  the  fats  and  oils  which  he  uses  in 
rder  that  the  significance  of  them  may  be  properlv  assessed, 
eihaps  a  far  greater  interest  to  the  baker  are  the  tests  performed  on 

peratii'  '''"'""'"S’  t<>  its  performance  in  Iris 
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I’KKFORMANCE  TESTS 


Plasticity 


This  property  ot  shortening  which  is  often  referred  to  in  various  terms 
such  as  “workability,”  or  “hardness,”  is  of  great  importance  to  the  baker 
since  it  relates  to  the  way  the  shortening  handles  and  combines  with  other 
ingredients.  Numerous  ways  of  measuring  this  property  have  been  pro¬ 
posed.  The  ones  most  commonly  used  are  some  variation  of  the  pene¬ 
trometer.  The  oldest  and  perhaps  still  the  most  widely  used  method 
determining  this  property  is  simply  to  feel  the  shortening.  This  method 
of  course  is  subjective  and  difficult  to  translate  into  terms  which  can  be 
widely  understood.  A  number  of  methods  which  have  been  used  to 
measure  the  plasticity  of  shortening  were  reported  on  by  Rich  (  194l). 
The  A.S.T.M.  grease  penetrometer  method  has  perhaps  been  the  most 
widely  used.  This  is  also  representative  of  the  principle  used  in  a  number 
of  the  other  tests. 

In  this  test  a  cone  of  specified  dimensions  and  weight  is  placed  on  the 
surface  of  a  sample  of  the  shortening  and  allowed  to  sink  in  for  a  period 
of  15  seconds.  The  depth  in  0.1  millimeters  which  the  cone  penetrates  is 
reported.  A  measure  of  the  plastic  range,  which  is  the  temperature  range 
over  which  a  sample  remains  plastic  and  workable,  may  be  obtained  by 
making  penetrometer  measurements  at  two  or  more  different  tempera¬ 
tures  The  less  the  difference  between  these  readings  the  greater  the- 
plastic  range  of  the  shortening.  Since  shortenings  change  in  plasticity- 

with  mixing,  the  penetration  has  obvious  limitations.  .  ,  ,  , 

Loska  and  laska  (1957)  have  described  a  method  for  testing  the  haul- 

ness  of  shortening  while  it  is  being  “worked.”  This  device  of  - 

modified  A  S  T.M.  grease  worker  mounted  on  a  fannograpl .  The  torque 

ouired  to  force  a^rforated  piston  through  the  sample  of  shortening  m 
qnirecl  i  in  the  toraiie  requirecll 


re 


recorded  On  repeated  strokes  there  is  a  decline  in  the  torque  requirec 
th  the  torque  finally  levelling  out  at  a  constant  value. 


W1 


Flavor  and  Odor  Testing 

Panels  consisting  of  several  trained  members  are  frequently  used  in. 

a  j  i  „iy  good  agreement  and  reproducibility  aie 

r' well  organizfd^tnel.  Evans  (1955)  describes  panel  methods  of. 

flavor  testing  in  detail. 


Cake  Tests 


olt^' 


in  creaming 
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‘ucli  lot  of  sliortening  for  this  factor.  It  is  customary  to  select  formulas  in 
vhich  the  function  of  the  shortening  is  critical.  For  all  purpose  shorten- 
ngs  a  lean  pound  cake  formula  which  contains  no  chemical  leavening  is 
‘ommonly  used.  With  high  absorption  shortenings  a  140  per  cent  sugar 
vhite  cake  may  be  chosen.  Conditions  of  the  test  are  kept  constant  so 
hat  the  only  variable  is  the  shortening  under  test.  Mixing  is  carried  out 
n  a  room  controlled  at  a  constant  temperature  and  the  degree  and  tech- 
liqiies  of  mixing  are  standardized.  Ingredients  are  carefully  weighed  as 
s  the  final  batter.  Various  means  may  be  used  to  insure  the  uniformity 
)f  other  ingredients  from  test  to  test. 

Specific  gravity  measurements  may  be  made  on  the  batter  during 
nixing.  In  the  case  of  a  pound  cake  these  measurements  relate  very 
doselv  to  the  actual  cake  volume  on  the  finished  baked  cake,  since  the 
eavening  here  is  largely  due  to  the  aeration  of  the  batter. 

After  baking  the  cakes  are  measured  for  volume  and  scored  for  other 
diaracteristics.  Various  methods  of  volume  measurement  of  cakes  have 
leen  used  including  seed  displacement  and  linear  measurement  of  the 
leight  of  the  cake  at  various  points.  The  total  volume  of  cake  may  be 
■eported  or  the  cake  may  be  weighed  and  its  specific  volume  in  terms  of 
nl.  per  100  gm.  or  ml.  per  pound  used. 


cing  Volume 


Shortenings  intended  for  use  in  icings  may  be  tested  for  icing  \'ohune. 
1  his  consists  of  creaming  the  shortening  with  powdered  sugar  and  water 
md  other  appropriate  ingredients,  under  controlled  conditions.  At  spec- 
lied  mtervals  during  the  mixing  specific  volume  is  determined  by  filling  a 
container  of  known  volume  with  the  icing  and  weighing  it.  The  shorten- 
ng  is  considered  satisfactory  if  the  volume  of  the  icing  exceeds  a  certain 
ninimum  value  and  is  satisfactory  in  other  respects.  In  testing  certain 
cing  hirmulas,  particularly  those  containing  high  percentages  of  moisture, 

he  icing  may  be  held  and  observed  over  a  period  of  time  for  the  separa- 
:ion  of  free  water. 


It  might  be  here  observed  that  it  is  desirable  to  test  a  shortening 
ntended  for  dual  use  in  cakes  and  icings  for  both  properties  since 
performance  m  a  cake  does  not  insure  good  performance  in  an  icing  or 


^ater  Absorption 

I  Ins  test  does  not  exaetly  siinnlate  any  partienlai  operation.  It  consists 

nl£  wai'ert r  l«'wl  and  slowly 

nldn>K  watc,  to  ,t  at  a  constant  rate.  Tire  enrl  point  is  oirserverl  when 

water  rs  observed  rrr  the  bowl  that  canrrot  he  incorporated  into  the 
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shortening.  The  results  of  this  test  are  usually  expressed  in  the  amount  of 
water  incorporated  expressed  as  a  percentage  of  the  shortening  used.  All 
purpose  shortenings  will  normally  show  less  than  200  per  cent  water 
incorporation  while  good  quality  emulsified  shortenings  will  generally 
absorb  in  excess  of  500  per  cent  and  up  to  800  per  cent  of  water.  This 
test  does  not  correlate  directly  with  either  icing  volumes  or  cake  volumes, 
since  it  is  possible  to  have  products  with  a  low  water  absorption  which 
perform  well  in  both  of  the  other  functions.  However,  there  does  appear 
to  be  some  relationship  to  icing  volumes  and  extra  high  water  absorption 
values  will  usually  result  in  high  icing  volumes. 

Creaming  Volume 

The  creaming  quality  of  a  fat  may  be  tested  by  somewhat  simplified 
procedures  rather  than  a  complete  cake  test.  A  dry  creaming  volume  in 
which  only  sugar  and  fat  are  creamed  together  may  be  run.  However, 
fats  which  cream  equally  well  at  this  stage  may  behave  differently  after 
the  addition  of  liquids,  therefore,  a  wet  creaming  volume  including  water 
is  somewhat  more  meaningful. 
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Sugars 


SUGAR  USAGE  IN  BREAD 

Tlie  amount  of  sugar  used  in  ]:)read  or  rolls  is  entirely  within  the  discre¬ 
tion  of  the  baker  and,  as  a  practical  matter,  depends  upon  whether  the 
bread  is  a  hearth  type,  such  as  French,  Italian,  and  Vienna,  or  white  pan 
bread.  In  Italian  and  some  other  hard  crust  breads  and  rolls,  no  sugar  is 
used.  In  French  and  Vienna  bread  and  rolls,  the  sugar  is  maintained  at  a 
relatively  low  level.  Development  of  adequate  crust  color  and  the  raising 
of  the  dough,  therefore,  depend  on  sugars  naturally  present  and  the 
maltose  formed  bv  enzymes  from  the  starch  of  the  flour.  Sweetness,  soft¬ 
ness  and  other  qualities  which  sugar  imparts  to  white  pan  bread  aie  not 
considered  of  primary  importance  in  hearth  breads. 

Thirty  years  ago,  pan  bread  formidas  in  the  United  States  included  as 
little  as  two  per  cent  of  sugar,  which  was  consumed  dining  feimentation, 
so  that  crust  color  depended  largely  on  maltose.  As  a  consequence,  the 
bread  required  extended  baking,  it  was  low  in  moisture,  and  almost  all 
volatile  constituents  were  lost.  Since  that  time,  a  steady  inciease  in 
average  sugar  levels  has  taken  plaee,  and  it  is  now  not  uncommon  for 
bakers  to  use  eight  per  cent.  The  increase  over  the  years  may  be  sum¬ 
marized  as  follows: 


SUGAR  USAGE  IN  WHITE  PAN  BREAD' 


Year 


Per  cent 


Year 


19?0 

1925 

1930 

1935 

1939 


2.0 

3.0 

4.0 

5.0 

6.0 


19432 

1947 

1950 

1958 


Per  cent 


4.0 

6.0 

7.0 

8.0 


When  hydr.,e  ...e.l  In  place  of  ...cno.e,  the  percen,,....  generally  .o  comp.n.,,,.  fo, 

MVf;TcS?o'rd7l'5o“T  in  b.-,d  during  .he  period  ,942-1946. 


SUGARS  IN  BRE.\D  DOUGH 


Types  , 

The  sugars  which  may  lie  present  m  a  bread  dough  aie  of  severa 
different  kinds,  not  all  of  which  are  fermentable.  Tliey  consist  of: 
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California  and  Hawaiian 
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(1)  Sugars  Naturally  Present  in  the  Flour.— Included  are  glucose,  fruc¬ 
tose  sucrose,  maltose,  all  of  which  are  fermentable;  and  oligosaccharides 
which  are  not  fermentable.  The  fermentable  sugars  total  about  one  per 
cent  of  the  flour  and  are  of  considerable  importance  in  the  production  of 
certain  types  of  bread.  In  the  sponge  these  sugars  are  fennented  by  the 
yeast  before  the  maltose  formed  by  enzymatic  action. 

(2)  Maltose.-Fonned  by  the  action  of  alpha  amylase  on  the  starch  of 
the  flour.  The  quantity  of  maltose  depends  on  amylolytic  activity  of  the 
flour,  which  is  a  result  of  the  enzymes  naturally  present  and  those  added, 
and  the  quantity  of  starch  susceptible  to  the  enzyme  action.  The  maltose 
so  formed  is  of  extreme  importance  in  the  production  of  all  yeast  raised 
bakery  products. 

(3)  Added  Sugars.— These  are  sugar  (sucrose),  fructose  (levulose), 
glucose  (dextrose),  and  maltose.  The  latter  is  present  in  corn  syrups  and 
malt  products.  Invert  syrups  contain  levulose. 

(4)  Polysaccharides.— Which  are  present  in  corn  and  malt  syrups  in 
varying  amounts.  They  are  not  fermentable.  Their  functional  value  has 
not  been  clearly  defined. 

( 5 )  Lactose.— Which  is  present  in  any  milk  products  used  in  the  dough. 


Fermentable  Sugars 

The  fermentable  sugars  are  either  directly  fermentable  or  become  fer¬ 
mentable  by  hydrolysis  or  inversion.  Glucose  and  fructose  (dextrose  and 
levulose)  are  directly  fermentable  whereas  sucrose  must  be  inverted  or 
hydrolyzed  into  these  two  sugars.  This  process  takes  place  very  rapidlv 
in  the, presence  of  the  invertase  of  the  yeast. 

The  process  is  as  follows : 

Ci2H220n  +  H2O  CsHi206  +  C6H12O6 

Sugar  -j-  Water  —*■  Dextrose  fl-  Lev'ulose 
(100  ll)s.)  (5. 26  lbs.)  (52. 63  lbs.)  (52.63  lbs.) 


Duiing  inveision,  sugar  is  combined  with  water,  and  each  sugar  mole¬ 
cule  splits  to  form  equal  parts  of  two  simple  sugars— dextrose  and  levulose. 
In  the  piocess,  there  is  a  gain  of  5.26  pounds  of  fennentable  solids  for 
every  100  pounds  of  sugar.  The  inversion  of  sucrose  into  dextrose  and 
levulose  is  complete  within  the  time  required  to  mix  a  dough.  As  a  result, 
the  sugars  available  for  fermentation  by  the  yeast  and  for  other  functional 
properties  in  doughs  made  with  sugar  are  glucose  and  fructose,  the  same 
sugars  that  might  be  added  in  the  form  of  commercial  dextrose  hydrate 
or  commercial  mixtures  of  corn  syrup  and  liquid  sugar.  Similarlv  maltose 
becomes  dextrose  by  the  action  of  the  enzyme,  maltase,  and  is  then  fer- 
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inentable.  There  is,  however,  some  evidence  that  under  certain  condi¬ 
tions,  maltose  is  directly  fermentable. 

Non-fermentable  Sugars 

The  non-fermentable  sugars  in  yeast  raised  doughs  are  the  polysac¬ 
charides  or  sugars  of  higher  molecular  weight  than  sucrose  and  maltose. 
These  are  present  in  flour  and  corn  syrups.  Lactose  in  milk  and  whey  is 

also  not  fermentable  bv  bakers’  veast. 

¥  ^ 

FERMENTATION 

Yeast  must  have  a  source  of  fennentable  carbohydrate  to  produce 
carbon  dioxide  for  proper  leavening  of  the  dough  and  for  the  develop¬ 
ment  of  the  characteristic  fermentation  flavors  of  bread.  These  carbo¬ 
hydrates  come  from  a  breaking  down  of  the  starch  in  the  flour  and  from 
the  added  sugar.  In  hearth  breads,  the  fermentable  carbohydrate  is 

principally  maltose  formed  from  starch. 

The  production  of  maltose  occurs  in  the  fennentation  of  all  yeast 
doughs,  both  straight  and  sponge,  but  not  enough  is  formed  in  the  dough 
stage  of  the  sponge  dough  process  to  support  active  fermentation  during 
proofing  and  baking.  Modern  bread  production  requires  doughs  which 
are  fast-moving  both  in  make-up  and  proof.  To  make  them,  high  per¬ 
centages  of  yeast  and  sugar  are  necessary. 

It  is  generally  accepted  that  a  minimum  of  two  per  cent  of  sugar  is 
necessary  to  produce  sufficient  carbon  dioxide  to  sustain  adequate  gas 
production  in  sponge  doughs,  and  at  least  three  per  cent  in  straight 
doughs.  Sugar  in  greater  amounts  serves  other  functions  which  are 
important  to  crust  color,  sweetness,  volume,  etc.,  as  well  as  providing 
fermentation  tolerance. 


Mechanism  of  Fermentation 

Fermentation  in  baking  refers  specifically  to  alcoholic  fermentation- 
thc  conversion  of  sugars  into  carbon  dioxide  and  alcohol  by  the  action 
veast  It  is  accompanied  by  changes  in  the  physical  properties  of  the 
rloiigh  resulting  from  the  by-products  of  fennentation,  the  action  of  e  - 
zvmts  present  in  the  Hour,  and  the  use  of  other  ingredients  in  the  doug  • 
^The  Liuation  of  fermentation,  known  as  the  Gay-Lussac  equation,  is. 


CeHi-iOe  +  y^*ast 
Dextrose  or 
I.evulose 
100  parts 


2  (:o.2  -f-  2L2H5OH 

Carbon 

Dioxide  Alcohol 

48. 9  parts  51.1  parts 
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During  fermentation,  carbon  dioxide  dissolves  in  the  water  phase  of  the 
ougli  until  saturation  is  reached.  Tt  is  then  trapped  in  the  gluten  and 
?avens  the  dough.  Various  acids,  volatile  Havoring  substances,  and  higher 
Icohols,  are  formed  in  the  dough  through  oxidation,  combination,  and 
ynthesis  of  the  products  of  fennentation. 


lates  of  Fermentation  of  Sugars 

In  sponge  doughs,  the  yeast  first  ferments  the  sugars  naturally  present 
n  the  flour  and  then,  after  a  brief  period  of  adjustment,  the  maltose 
ormed  from  the  starch. 

Sucrose  is  almost  immediately  inverted  into  dextrose  and  levulose,  and 
s  soon  as  the  dough  is  homogeneous,  sugar  is  no  longer  present  as  such, 
"his  is  true  in  doughs  made  with  as  much  as  20  and  more  per  cent  sugar. 

Dextrose  is  fermented  at  a  more  rapid  rate  than  levulose  when  both 
ugars  are  present  (Koch  et  al.  1954).  The  levulose  accumulates  in  the 
lough  in  greater  proportion  of  the  total  sugars  than  dextrose. 

Dextrose  and  levulose  are  fermented  at  essentially  the  same  rate  when 
ither  is  present  singly  in  the  dough  (Griffith  and  Johnson  1954). 

Maltose  is  not  fermented  so  long  as  the  hexoses— simple  sugars— are 
iresent.  Yeast  will,  however,  ferment  maltose  readily  after  an  induction 
)eriod  when  it  is  the  only  sugar  available. 

Lactose  is  not  fermented  by  bakers’  yeast. 


late  of  Gas  Production 

Dextrose  is  fermented  faster  than  levulose,  but  doughs  made  with 
ucrose  produce  carbon  dioxide  and  raise  the  dough  at  the  same  rate  as 
hose  made  with  dextrose  hydrate.  This  is  contrary  to  the  general  belief 
4  the  practical  baker  who  may  have  observed  that  doughs  made  with 
lextrose  appear  to  ferment  faster  than  those  made  with  sucrose.  The 
)bservation  is  accurate  only  if  the  two  sugars  are  compared  at  the  same 
evel  of  usage  and  not  at  the  same  level  of  fermentable  solids.  The  con¬ 
centration  of  sugar  solids  has  an  effect  on  rate  of  fermentation  and  a 
correction  must  be  made  for  the  lower  solids  in  dextrose  hydrate.  Since 
ugar  contains  only  traces  of  water  and  the  sugar  solids  in  a  sucrose  dough 
ire  increased  as  a  result  of  inversion,  15.6  per  cent  more  dextrose  hydrate 
nust  be  used  to  produce  the  same  concentration  of  sugar  solids  When 
his  IS  done,  doughs  made  with  sugar  produce  gas  at  the  same  rate 
Is  those  made  with  dextrose  hydrate.  The  higher  the  percentage  of 

"ifnstment'^  formula,  the  more  important  it  Itecomes  to  make  this 
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Sugar  and  Fermentation  Tolerance 

FeniKMitation  toU'ranca'  is  clc'serihed  by  a  joint  c()inniitt('('  ol  the  Anieri- 
can  Association  ol  (ana'al  (’hcmists  and  Anuaican  Society  of  Bakery 
Engineers  in  this  manner:  “A  dough  that  can  l)c  taken  a  considerable  time 
before  or  after  the  fermentation  peak  and  produce  good  quality  mer¬ 
chandise  is  said  to  have  good  tolerance.” 

The  adequate  production  of  carbon  dioxide  during  the  entire  fermenta¬ 
tion  period  is  one  of  the  two  most  important  factors  in  fermentation 
tolerance,  the  other  being  the  gas  retention  properties  of  the  gluten. 
Modern  bread  production  requires  the  use  of  high  percentages  of  yeast  and 
an  adequate  supply  of  sugar  essential  to  support  vigorous  fermentation. 

Because  of  the  high  percentages  of  sugars  used  in  white  pan  bread  in 
the  United  States,  there  is  little  danger  of  bread  of  inferior  quality  being 
produced  by  either  the  straight  or  sponge  dough  process. 

It  follows,  however,  from  a  consideration  of  the  chemical  composition 
of  the  two  sugars  that  sugar  provides  more  fennentable  carbohydrates 
than  an  equal  weight  of  dextrose  hydrate  and  hence  better  fermentation 
tolerance. 


Sucrose — 

C12H22O11  +  yeast 

342  grams 

Dextrose — 

CfiHioOe  +  yeast 
180  grams 

Dextrose  Hydrate 
C6H12O6H2O  +  yeast 
1 98  grams 


yields 

4  CO2 

176  grams 

yields 

2  CO  2 

88  grams 

yields 

2  CO  2 

88  grams 

Tlui-s  it  requires  198  gm.  of  dextrose  hydrate  to  produce  88  grams  of:' 
carbon  dioxide,  whereas  only  171  gm.  of  sucrose  are  required  to  yield  the- 
same  amount  of  gas.  It  is  evident  from  this  that  1.5.6  per  cent  more  dex-^ 
trose  hydrate  will  be  required  to  produce  the  same  amount  of  ca.bom 

dioxide  than  any  given  quantity  of  sucrose. 

This  has  been  demonstrated  by  gas  evolution  tests  both  on  iviithe  •• 
nutrient  solutions  and  on  doughs.  These  tests  show  that 
more  fermentable  carbohydrates,  and  hence  more  fermentation 
in  respect  to  gas  production  than  does  dextrose  hydrate.  Unless  he  t  ^ 
ugarnre  usfd  on  this  basis,  the  sugars  in  a  dough  made  with  dextiose. 
liydrate  will  be  exhausted  before  those  in  one  made  with  sucrose. 
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Residual  Sugars  in  Bread 

Hesidiial  sugars  in  bread,  those  remaining  in  the  brc'ad  alt('r  [('rmeiita- 
tion  of  the  dongli,  reHeet  the  pereentage  used  in  the  formula,  the  kind  of 
sweetener,  and  the  manner  in  winch  the  tlongh  is  processed. 

Ill  sponge  dough  bread  made  with  sucrose,  the  residual  sugars  are 
levulose  and  dextrose  plus  a  small  percentage  of  maltose,  the  amount  of 
which  depends  on  the  percentage  of  sponge  and  the  amylase  activitx'  of 
the  dough.  About  two  per  cent  (flour  basis)  of  the  sugar  added  is  con¬ 
sumed  during  the  make-up  and  proofing  period.  If  dextrose  hydrate  is 
used,  the  residual  sugars  are  dextrose  and  maltose.  Bread  made  from 
corn  syrup  doughs  also  contains  dextrose  and  maltose  but  the  piercentage 
of  maltose  is  much  higher  because  of  the  high  maltose  content  of  the 
syrup. 

Since  veast  ferments  dextrose  and  levulose  before  it  does  maltose,  when 
all  three  sugars  are  present  in  a  dough,  bread  made  by  the  straight  dough 
process  is  high  in  maltose  which  accumulates  while  the  other  sugars  are 
being  fermented.  The  loss  of  added  sugars  in  straight  doughs  is  higher 
than  in  sponge  doughs  because  of  the  longer  time  they  are  in  contact  with 
the  yeast.  About  three  per  cent  ( flour  basis )  is  consumed. 

The  residual  sugar  in  breads  made  without  added  sugar  is  maltose 
produced  from  the  starch.  The  fermentable  sugars  present  in  the  flour 
are  used  by  the  yeast  before  it  ferments  the  maltose. 

Bread  made  by  the  brew  process  is,  like  straight  dough  bread,  high  in 
maltose  because  all  the  maltose  present  in  and  formed  by  amylase  action 
on  the  starch  of  the  flour  is  available  to  the  yeast  only  a  short  time,  during 
which, dextrose  and  levulose  are  also  present  and  are  being  fermented  bv 
the  yeast  in  preference  to  the  maltose.  Since  sugar  is  consumed  in  the 
preparation  of  the  brew,  or  broth,  instead  of  the  starch  of  the  flour  as  in 
the  conventional  sponge  dough  process,  it  is  necessary  to  increase  the 
percentage  of  sugar  in  the  foiniula  if  the  same  flavor  standards  associated 
with  the  use  of  sweeteners  are  to  be  maintained. 

Yield  of  Bread 

Sugar  influences  the  yield  of  bread  obtained  from  a  given  amount  of 
ough  because  it  makes  possible  an  adjustment  in  baking  time  and  tern- 
perature  to  produce  loaves  of  high  original  moisture. 

The  interior  temperature  of  the  loaf  at  which  gelatinization  of  the 
starch  occurs  is  reached  within  8  to  10  minutes  in  the  average  white  nan 

on^  'i  ’  bakfd  an  undulv 

ng  period  beyond  the  point  of  gelatinization  in  order  to  develop  crus't 

color,  a  greater  loss  of  moisture  occurs  with  a  correspondingly  lower  yield 
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In  the  usual  white  bread  dough,  the  weight  of  solids  is  about  57  per  cent 
of  the  total  weight.  The  remainder  is  water.  The  degree  to  which  the 
yield  of  bread  and  residual  moisture  vary  with  the  amount  of  water 
evaporated  during  baking  is  illustrated  below: 


Dough, 

Weight, 

Pounds 

Moisture^  Lost 
in  Baking, 

Pounds 

Weight  of 
Bread, 

Pounds 

Moisture 
in  Bread, 

Per  cent 

100 

5 

95 

40.0 

100 

7 

93 

38.7 

100 

9 

91 

37.3 

100 

11 

89 

36.0 

*  Loss  of  carbon  dioxide,  alcohol  and  volatile  Havoring  constituents  is  not  included. 


Although  the  moisture  content  of  bread  cannot  exceed  the  38.0  per  cent 
established  by  the  official  standard  of  identity  for  bread,  it  is  an  important 
factor  in  the  scaling  weight  of  the  dough.  The  difference  may  amount  to 
as  much  as  half  an  ounce  in  a  one-pound  loaf— a  point  not  to  be  ignored 
in  controlling  production  costs. 

The  high  sugar  formulas  used  in  production  of  white  pan  bread  in  the 
United  States  in  conjunction  with  modern  oven  construction  make  possible 
rapid  baking  and  retention  of  maximum  moisture. 

The  yield  of  bread  from  doughs  made  with  sugar  is  slightly  greater  than 
from  doughs  made  with  an  equal  weight  of  dextrose  hydrate  if  the  same 
absorption  is  used,  because  the  latter  contains  about  nine  per  cent  water. 
On  a  solids  basis,  the  yields  are  not  materially  different. 


Effect  on  Dough  Properties 

Absorption.-Sugar,  in  the  percentages  normally  used,  has  little  effect 
on  the  absorption  of  the  dough.  Additional  mixing,  however,  is  required 
to  develop  the  dough  as  the  percentage  of  sugar  is  increased.  This  i 
particularly  important  in  high-sugar  (20  to  25  per  cent)  doughs.  i 
these  the  absorption  will  be  much  less  than  the  maximum  possible  uiffess 
the  dough  is  given  the  additional  mixing  time  required  to  develop  it  to 
the  maximum  (Bohn  19.59).  If  the  dough  is  not  given  ™  ^ 

ing  time  because  of  limited  mixing  capacity,  or  for  other 
baked  product  will  lack  volume  and  have  a  dry  crumb  and  inferior  eating 

I'"  ““  * 

^e  TiL  necessary  adjustment  should  be  made  m  evaluating  the 
economic  usefulness  of  the  two  sugars. 
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Dough  Development  Time.— Sugar  increases  the  time  required  to  bring 
bout  maximum  development  of  a  dough.  This  effect  depends  on  the 
ercentage  of  sugar  and  is  of  little  significance  in  bread  doughs  where  a 
iglit  increase  in  mixing  time  will  compensate  for  an  increase  in  the  per- 
entage  of  sugar.  In  sweet  doughs  made  with  20  to  25  per  cent  sugar, 
owever,  the  mixing  time  is  greatly  increased  ( Bohn  1959 ) .  Such  doughs 
re  best  mixed  in  a  high  speed  bread  mixer  for  at  least  a  fifty  per  cent 
)nger  time  than  a  bread  dough.  The  increase  in  mixing  time  required 
Oien  sugar  is  increased  has  been  attributed  to  competition  between  the 
igar  and  the  gluten  proteins  for  water  (Baxter  and  Hester  1958).  It 
lakes  no  difference  whether  sugar  is  in  the  granulated  or  liquid  form, 
'he  dough  mixing  time  is  the  same  regardless  of  which  one  is  used. 


Iffect  on  Finished  Product 

Crust  Color.— The  color  of  crust  of  bread  may  vary  from  the  light  straw 
f  hearth  breads  in  which  no  sugar  has  been  added,  to  the  attractive  red¬ 
ish  brown  of  white  pan  bread.  To  the  baker,  a  rich  color  indicates  a 
^ell-fermented  dough  made  from  a  good  formula,  well  baked  into  a  loaf 
f  pleasing  flavor,  and  of  good  toasting  and  keeping  qualities. 

Crust  color  reflects  the  type  and  amount  of  sugars  used  in  the  formula. 
)extrose,  levulose,  or  maltose  may  be  present  in  the  bread,  as  well  as  lac- 
)se  from  any  added  milk  solids.  The  temperature  at  which  these  sugars 
iramelize  and  enter  into  the  browning  reaction  with  amino  groups  de- 
rmines  the  intensity  of  crust  color  at  any  given  level  of  usage.  Levulose 
the  most  sensitive  to  heat.  It  caramelizes  at  a  much  lower  temperature 
lan  dextrose  and  thus  develops  coloring  materials  more  quickly  (Bohn 
954).  Dextrose,  in  turn,  caramelizes  more  readily  than  sugar,  but  in 
read  doughs  sucrose  is  no  longer  present  as  such  since  it  is  inverted  into 
extrose  and  levulose.  As  a  result,  the  crust  color  of  bread  made  with 
icrose  IS  a  more  reddish  brown  than  that  made  with  dextrose  hydrate 
read  when  the  two  sugars  are  used  either  on  the  same  weight  or  same 
Mcs  basis.  Bread  made  with  low  percentages  of  dextrose  (two  per 
ent)  has  a  lighter  crust  than  when  made  with  sucrose  or  invert  sugars 
vK^nce  of  the  lower  concentration  of  residual  sugar  solids  (Johnson 
95-).  As  the  percentage  of  sugar  is  increased,  the  crust  becomes  darker 
nder  any  set  of  oven  conditions.  The  fact  that  sugar  develops  a  richer 
fedder  crus  in  commercial  white  pan  bread  makes  it  possible  to  use  less 
igat  than  dextrose  to  produce  the  same  degree  of  crust  color 
The  tendency  in  the  baking  industry  the  last  several  years  has  been  to 
lerease  the  sugar  content  of  bread  in  order  to  tlevelop  quicklv  an  attrac 
ye  crust  color  in  the  oven.  This  makes  it  possible'  to  b£  ihe  lue  d 
ap.dly  and  retain  maximum  ipumtities  of  flavor  and  moisture.  In  addb 
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tion  it  has  been  shown  (Baker  and  Mize  1939)  that  bread  prepared  with¬ 
out  the  fomiation  of  the  typical  crust  lacks  many  of  the  flavor  constituents 
associated  with  bread  flavor. 


Bread  Flavor.— Bread  can  be  made  witliout  added  sugars,  e.g.,  Italian 
and  French  heartli  bread  and  English  white  pan  bread.  In  these  breads 
the  fermentable  carbohydrates  come  from  those  present  in  the  flour  and 
those  formed  by  action  of  amylases  on  the  starch  of  the  flour.  Breads  of 
tliis  type  have  a  light  crust  color  and  inferior  keeping  and  toasting  qualities 
compared  to  typical  American  white  pan  bread. 

Flavor  is  built  into  bread  by  the  type  and  quality  of  the  ingredients, 
and  fermentation  and  processing  of  the  dough.  Of  all  tlie  ingredients  ex¬ 
cept  salt,  sugar  has  the  most  pronounced  effect  on  flavor  (Wisehlatt 
1957).  This  is  one  of  the  basic  reasons  the  baker  of  white  pan  bread 
uses  more  sugar  than  that  required  for  production  of  gas.  Consumer 
preference  tests  conducted  by  the  U.S.  Dept,  of  Agriculture  show  a  signifi¬ 
cant  increase  in  preference  for  bread  as  the  sugar  content  is  increased 
from  2  per  cent  to  7  per  cent,  that  is,  as  the  concentration  of  residual 


sugars  increases. 

Sucrose  is  superior  to  other  sweeteners  in  its  contribution  to  the  flavor 
of  bread  because  of  its  greater  sweetness  attributable  to  the  levulose 
formed  in  the  dough  by  inversion.  An  expert  taste-testing  panel  (Snell 
1952)  using  organoleptic  methods  of  proved  value,  has  shown  that  the 
relative  sweetness  values  of  the  residual  sugars  in  bread  are  reflected  in 


the  sweetness  values  of  the  bread.  The  most  pronounced  difference  in 
sweetness  was  detected  when  bread  containing  eight  per  cent  sugar  was 
compared  with  one  containing  eight  per  cent  dextrose  hydrate.  At  this 
level  of  usage  a  substantial  amount  of  levulose  remains  m  the  bread, 
whereas  there  are  only  traces  of  levulose  in  the  bread  made  with  dextrose. 
The  superior  sweetness  of  bread  made  with  sugar  at  this  level  is  reac  i  y 
discernible.  The  same  test  panel  found  bread  made  with  7  per  cent 
sugar  sweeter  than  bread  made  with  7  and  8  per  cent  dextr  ose  hydrate.  It 
was  not  until  the  sugar  was  reduced  to  5  per  cent  and  compared  to  8  per 
cent  dextrose  hydrate  that  the  breads  were  judged  of  equal  sweetness^ 
The  samples  studied  placed  the  various  loaves  in  the  following  order 


sweetness : 


Sweetening; 

.Agent 


.Sugar 

Sugar 

.Sugar 

Dextrose  hydrate 
Dextrose  hydrate 
Sugar 


.Sweetness  Rating 

Per  cent  (Overall  mean 

U.sed  Value) 


8 

7 
6 

8 
7 
5 


2.1 

1.8 

1.5 

1.2 

1.2 

1.2 
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Pilot  consumer  tests  (Caul  1953)  liave  confirmed  these  observations 
11(1  are  (nrther  affirmation  of  the  fact  that  s\v(‘ctness  h'vels  in  bread 
larallel  the  swec'tiu'ss  ratings  of  the  residual  sugars. 

Because  sugar  retards  th(‘  action  of  yt'ast,  it  is  not  prac'tical  to  use 
ongh  dextrose  hydrate  to  duplicate  the  sweetness  contributed  by  the 
ligh  pereentage  of  sugar  used  by  many  bakers.  To  replace  8  pei  cent 
iigar  would  require  at  least  12  per  cent  dextrose  hydrate  and  this  would 
eriously  retard  fermentation. 

The  by-products  of  fermentation  are  affected  by  many  factors.  The 
aethod  used-straight  or  sponge  dough,  percentage  of  sponge,  tempera- 
Lire  and  time  of  sponge,  etc.— all  influence  the  flavor  of  bread.  As  sugars 
re  not  added  to  sponge  doughs  until  the  sponge  fermentation  is  com- 
)leted,  they  contribute  little  if  any  to  the  flavor  of  bread  attributable  to 
ennentation.  The  sugars  used  in  bread  must,  therefore,  be  evaluated 
in  their  contribution  to  the  flavor  as  an  ingredient. 

In  straight  doughs,  suerose  ( after  inversion )  and  dextrose  are  fermented 
)efore  the  maltose  whieh  then  accumulates  in  the  dough  with  the  result 
hat  bread  made  by  that  process  is  high  in  maltose  compared  to  bread 
nade  by  the  sponge  dough  process.  The  same  is  true  of  bread  made  by 
he  brew  process  (Lee  and  Geddes  1959)  whether  used  in  conjunction 
vith  conventional  equipment  or  with  the  processes  for  making  bread 
loughs  continuously.  To  develop  in  bread  made  by  these  processes 
he  flavor  which  sugar  contributes  to  sponge  dough  bread,  it  is  necessary 
o  use  higher  pereentages  of  sugar.  Thus,  if  seven  per  cent  sugar  is  used 
n  sponge  dough  bread,  nine  per  cent  should  be  used  if  the  same  flavor 
evel  attributable  to  sugar  is  desired. 

Sugar  also  contributes  to  the  flavor  of  bread  by  making  possible  more 
apid  baking.  The  crust  then  seals  in  many  of  the  interior  volatile  con- 

tituents  of  the  fermented  dough  before  they  are  lost  bv  distillation 
Baker  1957). 

Softness  Keeping  Qualities.— Sugar  is  not  a  softening  agent  but,  by 
leveloping  crust  color  quickly,  it  makes  possible  a  reduction  in  baking 
ime  and  the  retention  of  more  moisture  in  the  bread-a  factor  of  para- 
nount  importance  in  the  attainment  of  maximum  initial  softness  Breads 
)f  high  sugar  content  whicli  are  baked  rapidly  have  a  softer  crumb  and 
■etain  more  moisture  than  those  with  less  sugar.  Sugar  is  thus  an  impor- 
ant  factor  in  controlling  the  original  softness  of  bread  which  is  the  char- 
ictenstic  most  desired  in  commercial  white  bread. 

Sugar  contributes  little  to  the  anti-firming  properties  and  hence  to  the 
taling  properties  of  bread  as  measured  by  subjective  and  objectix-e  tests 
ncreasing  the  sugar  from  4  to  12  per  cent  has  little  effect  on  the  rate  of 
inning  of  the  criimli  (Cathcart  and  Edelmann  19.50).  Nor  is  there  r 
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differoiice  in  tlic  Gflect  of’  snpir  and  dextrose  liydrate  in  this  respect. 
These  two  sugars  are  alike  in  tlieir  effect  on  erninb  firmness  when  coin- 
pared  by  both  the  straight  and  sponge  dongh  processes  (Barham  and 
Johnson  1951). 

Sugar  does,  however,  contribute  to  the  moisture  retention  of  the  crumb 
of  bread  depending  on  the  percentage  used  because  of  the  residual  levu- 
lose  which  bread  made  with  it  contains.  This  levulose  absorbs  moisture 
from  the  air  depending  on  the  equivalent  relative  humidity  to  which  it  is 
exposed.  Bread  made  with  a  low  sugar  content  or  dextrose  hydrate  ob¬ 
viously  contains  little  levulose  and  hence  tends  to  dry  out  rapidly.  In 
high  sugar  doughs  made  with  20  to  25  per  cent  sugar,  such  as  those  used 
for  production  of  sweet  rolls  and  coffee  cakes,  the  percentage  of  residual 
levulose  is  high  and  has  an  important  part  in  preventing  the  drying  out 
of  the  crumb  ( Bohn  1959). 


CHARACTERISTICS  OF  COMMERCIALLY  AVAILABLE  SUGARS 
Sucrose  (Dry) 

Sucrose  is  available  in  various  grades  and  it  is  important  to  a  bakery 
operation  to  select  the  grades  suited  for  the  purpose  intended.  Most 
first-run  granulated  sugars  are  sufficiently  standardized  in  color  and  other 
chemical  compositions  that  grain  size  in  the  property  that  should  receive 
primary  consideration. 

Table  51  indicates  the  approximate  screen  sizes  of  various  types  of 
sugars.  It  should  be  pointed  out  that  not  all  of  these  grain  sizes  are  of¬ 
fered  by  sugar  refiners  in  all  sections  of  the  United  States  but  there  should 
be  sufficient  types  available  at  all  locations  to  satisfy  general  bakerv' 
operations. 

From  the  foregoing  it  can  be  seen  that  there  is  a  wide  range  of  particle¬ 
sized  sugars  from  which  to  select.  Brief  descriptions  of  each  of  these 
and  their  uses  will  be  helpful  for  the  bakery  engineer. 

Confectioners  AA  or  Medium  Granulated  Sugar 

Confectioners  AA  is  a  coarse  crystal  sugar  some  crystals  of  which  are 
Vio  inch  in  largest  dimension.  This  sugar  is  primarily  used  for  sanding 
cookies,  pies  and  other  bakerx'  products  in  which  a  very  coarse  gram  is 
desired.  This  sugar  is  also  frequently  colored  for  decorative  purposes. 


Sanding  Sugar 

Sanding  sugar  is  the  most  frequently  used  grain-sized  sugar  for  sprin¬ 
kling  or  sanding  purposes  for  cookies,  pies,  bread,  etc.  It  is  less  than  hat 
the  average  crystal  size  of  Confectioners  AA.  It  has  the  property  of  re- 
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Heeling  light  and  giving  the  products  on  which  it  is  used  a  sparkling 
appearance. 

Sanding  sugar  is  also  one  of  the  lightest  colored  sugars  available  and  is 
frequently  used  in  the  manufacture  of  fondants  when  a  very  light-colored 
product  is  desired. 

Sanding  sugar  is  also  frequently  used  for  making  colored  sugar  for 
decorative  purposes. 


Bottlers,  Manufacturers,  or  Fine  Granulated  Sugar 

This  coarse  granulated  sugar  is  only  slightly  coarser  than  the  standard 
granulated  and  is  frequently  desired  by  bakers  who  have  a  mechanical- 
handling  system,  particularly  for  those  using  a  delivery  or  in-plant 
pneumatic-handling  system,  or  those  who  use  screw-type  conveyors  for 
long  distance  transporting.  Under  these  conditions  the  attrition  is  less 
objectionable  since  fewer  fine  particles  are  developed. 

Standard  Granulated,  Regular  Granulated,  or 
Extra-Fine  Granulated  Sugar 

Standard— or  regular  granulated— is  the  most  frequently  used  product 
in  the  baking  industrv.  It  is  sufficiently  fine  to  dissolve  readily  in  watei 
or  in  other  liquifying  agents  used  in  the  bakery.  It  is,  by  far,  the  most 
universally  used  sugar  in  all  types  of  manufacture. 

This  grain  size  sugar  is  also  preferred  by  those  large-volume  opeiatois 
who  make  the  sugar  into  syrup  before  use.  The  coarser  particles  tend  to 
disperse  in  water  more  readily  than  a  finer  product. 

Bakers  Special,  Extra-Fine  Granulated,  or  BCE  Sugar 

This  product,  as  the  name  implies,  is  a  fine  granulated  sugar  and  is 
particularly  useful  in  cake  manufacture.  Its  fine  grain  gives  it  a  veiy 
fast  solution  rate  in  mixes  and  in  those  instances  in  which  the  shortening 
and  sugar  are  creamed  for  leavening  action,  it  yields  a  uniform  cell  struc¬ 
ture  and  maximum  volume  cake. 


Standard  Powdered  or  6X  Sugar 

standard  powdered  sugar  is  the  product  wliich  has  l.een  on  the  market 
for  a  good  many  years  and  for  a  considerable  length  of  time  y*'- 
standard  product  used  for  sweet-dough  icings  and  as  the  ma]0i  ingied 
in  icings  on  many  of  the  price  goods. 

Extra-Fine  Powdered  or  10  X  Sugai 

This  eslri-liiie  producl  is  a  relatively  receiil  ailvanccmeiil.  It  lias 
greater  fines  than  the  standard  powdered  sugar  but  still  retains  some  poi 
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rion  of  the  coarse  particles.  When  an  icing  is  made  from  extra-fine 
rowdered,  the  extremely  fine  particles  contribute  a  creaminess  to  the  lo¬ 
ng  which’  is  not  obtainable  in  the  former  product.  .At  the  same  time  it 
■an  be  used  in  all  other  bakery  operations  such  as  ilongbnnt  dusting,  etc. 


cing  Sugar 

Icing  sugar,  as  the  name  implies,  is  a  product  made  particulaily  loi 
ligh  quality  icing  production.  As  is  sliovvn  in  tlie  Tal)le  51,  it  has  an  aver- 
ige  particle  size  of  approximately  20  micions  which  give  the  icings  pie- 
bared  from  it  a  very  creamy  appearance  and  texture.  It  promotes  higher 
L^loss,  rapid  crusting,  and  in  most  instances  gives  considerably  greater 
mileage  in  spreadability  which  compensates  for  the  premium  normally 
charged  for  this  sugar  over  powdered  sugar. 

Dehydrated  Fondant,  Drivert,  or  Dri-Fond 

This  product  has  been  available  on  the  Pacific  Coast  for  a  number  of 
years  and  recently  became  available  on  the  Atlantic  Seaboard.  As  the 
name  implies,  it  is  a  cooked  fondant  which  has  been  dehydrated  and  is 
generally  packed  in  50-lb.  multi-wall  bags  to  facilitate  handling  in  the 
bakery  icing  departments.  Its  standardized  grain  size  and  invert  con¬ 
tent  permit  reliable  reproduction  of  results  in  the  preparation  of  a  fon¬ 
dant-type  icing. 

Brown  or  Soft  Sugars 

Brown  sugars  are  offered  in  a  wide  range  of  color  from  a  light  yellow 
to  a  dark  brown.  In  most  areas  of  the  country  they  are  available  at 
least  in  the  medium  and  dark  brown.  These  sugars  are  used  primarily 
for  the  flavor  they  impart  to  the  baked  goods.  They  normally  contain  a 
relatively  small  amount  of  invert  ( from  1  per  cent  for  the  lighter  varieties 
to  5  per  cent  for  the  darker  varieties ) .  Their  organic  and  inorganic  non¬ 
sugars  are  responsible  for  the  flavor;  the  flavor  in  the  lighter  grades  being 
mild,  and  inceasing  in  intensity  as  the  sugars  become  darker.  They  can 
be  used  to  advantage  in  daik  breads,  many  cookies  and  in  devils  food 
spice  and  other  dark  cakes. 


NOTES  ON  STORAGE  AND  HANDLING  OF  SUGAR 
Prevention  of  Caking  in  White  Sugars 

After  the  proper  sugar  is  selected  for  use  in  a  bakerv,  it  is  essential  that 

it  be  given  proper  care  to  prevent  it  from  caking  anil  causing  maiuifac- 
tilling  problems. 

If  white  sugar  is  kept  dry  at  all  times  it  will  not  cake.  Sugar  absorbs 
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and  loses  moisture  very  readily  with  changes  in  atmospheric  humidity.  ' 
If  exposed  to  a  period  of  high  humidity  the  normally  dry  surfaces  of  in-  - 
dividual  grains  become  moist  with  a  thin  film  of  synip.  If  later  the 
atmospheric  humidities  change  to  a  dry  condition,  the  sugar  will  lose  the 
moisture.  During  this  period  of  moisture  loss,  if  the  sugar  is  not  moved  ' 
the  grains  will  have  a  tendency  to  cement  together  causing  the  entire 
contents  of  a  bag  or  a  sugar  bin  to  become  caked.  The  degree  of  caking 
will  be  dependent  upon  the  amount  of  moisture  absorbed  and  sub¬ 
sequently  lost. 

The  most  ideal  conditions  for  storage  of  granulated  sugar  would  be  at 
constant  temperature  and  constant  humidit\c  This  cannot  alwavs  be 
achieved.  Relative  humidities  under  60  per  cent  at  a  rather  constant 
level  are  ideal  for  granulated  sugar. 

Inasmuch  as  many  bakers  today  are  receiving  sugar  in  bulk,  it  is  well 
to  relate  some  of  the  background  or  information  which  has  been  found 
to  give  satisfactory  results  by  this  method  of  handling. 

Sugar  of  the  proper  moisture  content  regardless  of  its  temperature,  will 
store  and  handle  perfectly  in  bulk  sugar  systems.  It  is  important,  how¬ 
ever,  that  the  sugar  be  properly  conditioned  before  delivery  to  the  baker. 
The  moisture  of  the  sugar  should  be  such  that  the  ambient  air  surrounding 
the  crystals  has  sufficiently  low  relative  humidity  so  that  no  condensation 
occurs  when  this  air  touches  the  side  walls  of  the  transportation  equip¬ 
ment  or  the  storage  tank.  The  proper  moisture  equilibrium,  therefore,  will 
obviously  vary  with  the  temperature  that  is  apt  to  be  encountered  in 
the  transportation  and  storage  of  the  sugar.  In  winter  months  it  will  be 
necessary  to  have  a  lower  moisture  content  than  in  the  summer  months. 

As  a  general  rule,  it  has  been  found  that  if  sugar  is  conditioned  to  the 
point  where  ambient  air  has  a  relative  humidity  of  30  per  cent,  the  sugar 
will  store  with  no  caking. 

Prevention  of  Caking  in  Brown  or  Soft  Sugars 

Brown  sugars  are  essentially  a  fine-grained,  granulated  sugar  with  a 
film  of  heavy  density  syrup  on  the  crystal  surfaces.  It  is  important  that 
soft  sugars  be  stored  at  comparatively  high  humidities-65  to  70  per  cent 
are  the  most  ideal.  At  these  humidities,  the  sugar  does  not  lose  moisture 
and  will  stay  in  a  soft  friable  condition.  If  brown  sugar  is  exposed  to 
long  periods  of  low  humidity  such  as  that  encountered  during  winter 
months  in  heated  warehouses  or  bakeries,  the  syrup  film  dries  out  and 
becomes  excessively  sticky  cementing  the  grains  of  sugar.  If  tins  does 
occur  the  sugar  can  be  reconditioned  by  exposure  to  high  humidities  foi 
a  period  of  time.  During  this  period  the  sugar  will  absorb  moisture  and 

return  to  its  normal  condition. 


SUGARS 


185 


Jquid  Sugars 

Liquid  sugars  are  becoming  more  and  more  available  in  all  sections  of 
he  country  and  have  a  very  definite  place  in  the  bakery.  Liquid  sugars 
:an  be  roughly  classified  into  sucrose  type,  invert  type  and  refinery  syrup 
»r  liquid  brown  sugars.  Table  52  indicates  the  typical  properties  of  liquid 
ugars. 

Sucrose  Type.— Sucrose,  as  the  name  implies,  is  essentially  a  solution  of 
granulated  sugar  adjusted  to  a  density  that  can  be  shipped  and  stored 
vithout  danger  of  crystallization. 

Invert  Type.— Invert  sugars  vary  in  their  composition  running  from  a 
mall  percentage  of  invert  ( the  remainder  being  sucrose )  to  almost  com¬ 
pete  inversion.  The  most  common  invert  type  syrup  used  in  bread  pro- 
luction  contains  between  50  and  60  per  cent  invert  on  a  solids  basis.  The 
olids  in  this  type  of  invert  syrup  varies  between  76  and  77  per  cent.  Its 
lensity  is  such  that  it  readily  blends  with  other  ingredients  and  yet  per- 
nits  the  addition  of  ice  water  to  maintain  proper  dough  temperatures 
vhen  leaving  the  mixer. 

Refiners  Syrups  or  Liquid  Brown  Sugars.— Refiners  syrups  or  liquid 
)rown  sugars  are  used  in  the  bakery  much  the  same  as  brown  sugars  are— 
lamely,  for  their  flavor.  These  products  are  standardized  and  lend  them- 
elves  to  automation  much  more  readily  than  do  bagged  sugars. 

Dorn  Sugars  and  Syrups 

Commercial  corn  syrups  and  sugars  of  interest  to  bakery  engineers  are 
)f  three  types : 

Corn  Syrups— clear,  colorless,  noncrystallizable,  viscous  liquids  consist- 
ng  of  mixtures  of  dextrose,  maltose,  and  higher  saccharides. 

Corn  Syrup  Solids— the  solid  substance  obtained  by  dehydrating  liquid 
.'orn  syrup. 

Dextrose— a  pure  crystalline  solid. 

Dextrose  is  the  major  dry  corn  sweetener.  However,  an  increasing  pro- 
luction  of  corn  syrup  solids  is  broadening  the  practical  range  of  corn 
;yrup  by  making  this  sweetener  available  to  users  equipped  to  handle 
)nly  dry  ingredients,  and  for  applications  requiring  dry  sweeteners. 

Corn  Syrups.-Corn  syrups  may  be  classified  into  the  following  cate¬ 
gories:  (I)  low  conversion-28  to  38  D.  E.  (dextrose  equivalent) •  (2) 
•egular  conversion-38  to  48  D.  E.;  (3)  intermediate  conversion-48  to  58 
J.  E.;  and  (4)  High  Conversion-58  to  68  D.  E. 
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Tlio  liigli  conversion  synips  arc  fnrtlier  classified  as  acid  tonvcUrd  a 

icid-enzvine C'onverted.  ra  ir 

Corn  Svrnp  Solids.-Dehyrirated  corn  syrnp  is  available  in  seveial  D.  . 

■lassifications-15,  28,  42  and  62.  These  corn  syrup  solids  are  essentia  y 
Iry  products  containing  between  3  and  3Vii  per  cent  moisture  These 
Iry  products  permit  bakers  who  do  not  have  receiving  or  storing  facilities 
or  corn  syrup  to  take  advantage  of  theii  special  propeities. 

Corn  Siigar.-Dextrose  is  a  pure  crystalline  solid.  It  is  marketed  in  two 
onus-  a  hvdrous  product  containing  approximately  nine  per  cent  water 
)f  crystallization,  and  an  anhydrous  product  with  a  very  low  moisture 

■ontent. 
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CHAPTER  7 


Richard  H.  Forsythe 


Eggs  and  egg  products  have  constituted,  over  the  last  20  years,  one  of 
the  most  complex  and  expensive  ingredients  which  the  baking  tech¬ 
nologist  has  investigated  in  problems  of  formulation,  quality,  and  price 
control.  It  is  the  purpose  of  this  chapter  to  summarize  ancl  present  an 
evaluation  of  some  of  the  data  that  have  been  accumulated  on  the  proper¬ 
ties  of  eggs  and  egg  products  as  they  affect  the  job  of  the  baking  tech¬ 
nologist.  The  use  of  shell  eggs  in  the  baking  industry  is  very  limited  at 
the  present  time  because  of  the  high  labor  costs  involved  in  removing 
the  shells,  but  will  be  discussed  briefly  here  since  the  qualities  of  the 
original  shell  eggs  contribute  to  the  qualities  of  the  egg  products  that 
are  commonly  used. 

Eggs  of  all  kinds  have  long  played  an  important  role  in  the  nutrition 
of  the  American  population.  Nearly  one-tenth  of  the  total  protein  re- 
cpiirement  of  the  adult  is  met  by  the  consumption  of  eggs  in  one  form  or 
another.  In  1957  the  American  public  consumed  approximately  360  eggs 
per  capita  for  a  total  of  over  61  billion  eggs.  About  90  per  cent  of  the 
total  eggs  produced  are  used  in  the  form  of  shell  eggs  for  table  use. 
About  7.5  per  cent  are  manufactured  into  liquid,  frozen  or  dried  eggs  for 
use  in  the  baking  and  confectionery  industries,  with  the  remaining  2.5 
per  cent  being  used  for  hatching  purposes.  The  usage  of  egg  products  in 
the  United  States  in  1958  is  shown  in  Table  54.  For  comparison  purposes 
all  figures  have  been  converted  to  a  dry  basis  as  indicated  in  the  Table 
footnote.  The  conversion  figures  are  basically  the  reconstitution  data 
commonly  employed  in  the  industry.  It  should  be  pointed  out  that  almost 
80  per  cent  of  all  the  eggs  used  are  used  as  frozen  or  liquid  eggs,  but 
there  has  been  an  increasing  trend  over  the  past  ten  years  for  the  egg 
solids  products  to  have  a  greater  proportion  of  the  total.  It  is  anticipated 
that  the  baking  technologist  will  rely  more  heavily  on  the  egg  solids 
products  because  of  a  wide  variety  of  factors  including  convenience,  less 
wastage,  and  lowered  costs  due  to  more  economical  handling  procedures. 

The  egg  products  industry  is  centered  in  the  middle  western  portion  of 
the  country  with  almost  all  of  the  frozen  and  dried  eggs  being  produced 
in  the  West  North  Central  States.  This  is  primarily  due  to  the  fact  that 
in  these  states  farm  flock  production  of  eggs  accounts  for  27  per  cent  of 
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he  total  national  production,  whereas  only  9.2  per  cent  of  the  population 
•esicle  in  this  area.  The  Western,  Southeastern  and  Northeastern  States, 
hiTuerly  deficit  areas  as  far  as  egg  production  is  concerned,  have  re¬ 
cently  become  nearly  self-sufficient  because  of  the  large  influx  of  com- 


Table  54 


USAGE  OF 

EGG  PRODUCTS  IN  THE  UNITED  STATES  IN  1958 

Type 

Used  as  Dry 

Used  as  Frozen  or  Liquid* 

Total 

1,000  Lbs. 

Per  cent 

1 , 000  Lbs. 

Per  cent 

1,000  Lbs. 

Whole 

8,767 

18.8 

37,708 

81.2 

46,475 

Albumen 

8,834 

35.7 

15,950 

64.3 

24,784 

Yolk 

7,770 

15.3 

42,850 

84.7 

50,620 

Total 

25,371 

20.8 

96,508 

79.2 

121,879 

■  Converted  to  a  dry  basis  for  comparison  purposes  on  basis  of  four  pounds  liquid  whole  egg  equal  one  pound  of 
whole  egg  solids,  two  and  two-tenths  pounds  liquid  equal  one  pound  dry  yolk  solids,  and  seven  and  one-half  pounds 
of  egg  white  equal  one  pound  of  egg  white  solids. 


mercial  scale  poultry  and  egg  production  in  those  areas.  Since  these 
developments  have  taken  place  more  rapidly  than  the  reduction  in  farm 
flocks  in  the  Middle  West,  it  appears  likely  that  the  Middle  West  will 
remain  the  source  of  egg  products  in  the  foreseeable  future. 

PRODUCTION  AND  PROCESSING  OF  EGGS 

Shell  Eggs 

Shell  eggs  for  egg  products  as  well  as  table  eggs  are  generally  produced 
by  specially  selected  hybrid  stock  on  farms  ranging  from  150  to  150,000 
chickens.  As  indicated  above,  the  middle  western  farm,  the  source  of 
most  egg  products,  is  small  with  the  average  flock  size  in  the  vicinity  of 
250.  While  this  information  may  appear  to  have  little  significance  for 
the  bakery  technologist,  it  definitely  affects  some  of  the  qualities  of  his 
ingredient.  Shell  eggs  are  produced  on  these  farms  and  picked  up 
once  or  twice  each  week  by  a  local  egg  buyer  who  acts  primarily  as  a 
collection  agent.  This  “first”  buyer  accumulates  and  holds  eggs  under 
refrigeration  and  grades  them  into  several  categories.  Eggs  with  the 
highest  interior  quality  which  show  a  very  thick  albumen  and  upstanding 
yo  k  are  selected  for  the  table  egg  market  and  are  placed  in  cartons  for 
shipment  to  consuming  centers.  Eggs  that  do  not  meet  these  rigid  re¬ 
quirements  are  placed  in  30-dozen  cases  and  sold  to  egg  breakers.  It 
should  be  pointed  out  that  the  eggs  delivered  to  the  breakers  do  not 
have  inferior  qualities  as  far  as  those  qualities  required  for  breaking  stock 

detects,  thinner  albumen,  and  lower  yolk  height.  These  organoleptic 
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qualities  obviously  are  of  little  importance  when  the  egg  is  to  be  broken 
from  the  shell.  One  of  the  more  important  qualities  is  the  strength  of 
the  egg  shell  as  indicated  by  Stewart  (1935),  The  shell  strength  deter-  ! 
mines  whether  or  not  the  egg  will  be  able  to  stand  up  in  transit  without  i 
breakage  and  to  some  extent  the  ability  of  bacteria  to  penetrate  into 
the  egg  contents.  Shell  strength  is  controlled  by  breeding,  by  feeding  ,| 
such  nutrients  as  calcium  and  similar  minerals,  as  well  as  by  the  man-  j. 
agement  of  the  Hock.  Whereas  the  color  of  the  yolk  is  very  important  to  ' 
the  egg  products  user,  most  requiring  as  deep  a  yellow  color  as  possible,  ' 
it  is  of  less  importance  to  the  table  egg  consumer  although  for  the  most 
part  this  market  demands  a  lighter  color  yolk.  From  what  has  been 
pointed  out  above,  it  should  be  evident  that  the  table  egg  market  is  more 
influential,  because  of  volume,  in  having  its  demands  met  by  producers. 
Yolk  colors  can  be  controlled  accurately  by  including  in  the  feed 
xanthophyll  and  similar  carotenoid  containing  ingredients,  for  example, 
alfalfa  meal.  However,  since  there  are  a  very  large  number  of  producers 
it  becomes  practically  impossible  to  obtain  dark  colored  yolks  for  break¬ 
ing  by  controlling  the  practices  on  the  farms.  It  must  be  assumed  that 
the  supply  of  naturally  dark  colored  yolk  will  be  decreasing  in  the  future. 

Most  of  the  qualities  of  shell  eggs  can  be  estimated  by  a  candling  proc¬ 
ess.  During  candling,  the  egg  is  held  before  a  bright  light  and  the  quality 
estimated  by  movement  of  the  yolk  and  white,  identification  of  shell  de¬ 
fects  or  other  imperfections  in  the  egg  or  on  the  shell.  Candling  has  long 
been  recognized  as  an  inefficient  procedure  for  sorting  into  grades  because 
of  its  subjective  nature  and  several  new  items  of  equipment  have  been 
invented  to  improve  the  accuracy  of  this  technique.  Equipment  is  now 
available  which  will  electronically  detect  small  blood  and  meat  spot 
imperfections  in  the  egg,  certain  bacteria  contaminated  eggs,  and,  al¬ 
though  it  is  not  widely  accepted,  equipment  has  been  developed  for  in¬ 
directly  determining  the  thickness  and  the  height  of  the  white  and  the 


yolk.  . 

The  qualities  of  shell  eggs  that  are  of  most  importance  to  the  egg 

breaker  are  the  size  of  the  egg,  the  yield  of  liquid  edible  egg  pi oc  nets, 

strength  of  yolk  membrane  and  bacteriological  characteristics.  A  3U- 

dozen  case  of  eggs  can  l)e  expected  to  yield  20  to  22  pounds  of  Iiqui 

whites  and  16  to  18  pounds  of  liqui.l  yolk.  The  strength  of  the  membrane 

surrounding  the  yolk  is  of  considerable  importance  since  lu  a  'veakenei 

condition  it  pei-mits  the  accidental  inclusion  ol 

into  the  whites  during  the  commercial  breaking  opeiatioii. 

the  yolk  is  another  important  quality  attribute  to  the  egg  Pi<>c''  ■  ■  ' 

All  of  these  factors  are  iuHiienced  by  the  breeding  of  “ 

feeding  of  the  chickens  and  the  management  of  the  laying  flocks  o 


handling  of  the  eggs  in  the  collection  channels  delivering  to  the  egg  prod- 

acts  manufacturer.  ^  , 

One  of  the  most  important  economic  factors  to  consider  is  the  relative 

proportion  of  whites  and  yolks  in  the  egg.  Since  the  proportion  is  rela¬ 
tively  constant,  the  demand  situation  for  one  must  be  proportional  to 
the  other  or  large  price  differentials  result.  This  was  typified  by  the 
extreme  high  prices  for  egg  white  that  resulted  from  the  increased  de¬ 
mands  when  the  angel  food  cake  mix  first  came  on  the  market.  It  is  not 
generally  realized  that  the  relative  proportion  of  whites  and  yolks  differ 
when  broken  out  commercially  and  in  the  laboratory.  This  has  resulted 

Table  55 


AMOUNT  OF  WHITES  INCLUDED  WITH  COMMERCIAL  EGG  YOLK  LIQUID  AT  VARIOUS  SOLIDS  LEVELS 


Yolk  Solids, 

Per  cent 

Yolk  Fat, 

Per  cent 

Whites, 

Per  cent 

40 

23.2 

27.0 

41 

24.0 

24.5 

42 

24.7 

22.4 

43 

25.6 

19.8 

44 

26.5 

16.8 

45 

27.3 

14.4 

46 

28.2 

11.8 

47 

29.0 

9.0 

in  considerable  confusion  since  most  of  the  data  that  are  available 
are  those  obtained  in  the  laboratory.  In  the  fresh  egg  broken  in  the 
laboratory,  about  65  per  cent  of  the  total  edible  portion  is  egg  white. 
When, similar  eggs  are  broken  on  a  commercial  scale,  the  egg  white  is 
approximately  55  per  cent  of  the  total,  or  almost  10  per  cent  less  than 
would  be  expected  from  laboratory  data.  This  is  entirely  due  to  the 
mechanical  adhesion  of  the  egg  white  to  the  yolk  during  the  breaking 
operation.  For  example,  in  liquid  egg  yolk  with  45  per  cent  solids,  a 
standard  item  of  commerce,  approximately  14.5  per  cent  of  egg  white  is 
included.  Table  55  indicates  the  per  cent  solids,  per  cent  fat  and  the 
amount  of  whites  contained  in  various  yolk  products.  These  figures  are 
based  on  laboratory  data  indicating  that  yolk  contains  50.5  per  cent  solids 
31.9  per  cent  fat.  Egg  white  contains  12.3  per  cent  solids  and  no  fat. 

Egg  Products 


In  the  prnductinn  „f  egg  pnnlncls,  the  shell  eggs,  after  receiving  at 
le  hieakmg  p  ant,  are  cooled  to  approxiinatelv  50°  to  55°F.,  and  candled 
as  indicated  above.  Any  eggs  that  have  stained  or  dirtv  shells  are  re- 

m’chthc'  iv  orT’‘  ""l  Tlie  eggs  are  broken  eitber 

cchanieally  by  girls  who  separate  the  yolk  and  the  white  and  after 
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organoleptic  examination,  place  them  into  containers  which  are  collected 
at  short  time  intervals.  The  egg  white  is  filtered  through  metal  screens 
and  churned  to  produce  a  homogeneous  mass.  The  egg  yolk  is  handled 
in  a  similar  manner,  after  which  the  product  is  thoroughly  cooled  and 
placed  into  30-lb.  cans  for  freezing  or  held  for  drying.  Eggs  are  frozen 
in  a  blast  freezer  at  — 20°  to  — 40°F.  and  after  72  hours  are  considered 
completely  frozen.  They  are  then  held  in  refrigerated  warehouses  below 
zero,  distributed  in  refrigerated  trucks  and  held  in  frozen  condition 
until  used  by  the  baker.  After  appropriate  liquid  treatments  egg  white  is 
dried  by  either  of  two  techniques. 

Predrying  Liquid  Treatment.— The  residual  glucose  in  egg  white  must 
be  removed  prior  to  drying  to  retard  the  Maillard  reaction.  This  is  ac¬ 
complished  by  one  of  three  processes  commercially.  A  controlled  bac¬ 
terial  culture  of  a  glucose  utilizing  organism  of  a  type  that  does  not  con¬ 
stitute  a  health  hazard  is  commonly  employed.  The  acidity  of  the  egg 
white  is  adjusted  by  appropriate  food  acids  to  create  an  environment 
favorable  to  optimum  glucose  utilization  by  the  organisms.  A  yeast  fer¬ 
mentation  using  Saccharomyces  cerevisiae  (Hopkins  1947)  or  Toriila 
monosa  (Kline  and  Sonoda  1952)  is  also  employed.  pH  adjustment  is 
required  for  optimum  growth  in  the  use  of  these  organisms.  A  recent 
development  (Baldwin  et  al.  1953;  Baker  1952)  is  the  use  of  an  enzyme 
glucose  oxidase  in  which  the  glucose  of  the  egg  white  is  oxidized  to  glu¬ 
conic  acid.  In  this  instance,  it  is  necessary  to  supply  a  source  of  oxygen 
which  is  usually  hydrogen  peroxide.  Temperature  must  be  controlled  in 
all  of  these  procedures  to  accomplish  glucose  removal  m  the  specifiec 
time.  Reaction  temperatures  are  held  between  85°  and  95°F.  and  while 
the  time  can  also  be  influenced  by  the  amount  of  culture  or  enzyme  added, 
usually  a  12  to  18-hour  period  is  considered  optimum.  ‘Whipping  aid 
additives  are  used  to  insure  proper  functional  performance  in  the  drie 
product  ( see  p.  204 ) .  Following  these  liquid  treatments  the  egg  white 

can  be  dried  on  either  a  pan  system  or  a  spray  drying  system. 

Pan  Drying  Egg  White.-Pan  or  tray  dried  egg  white  is  most  com¬ 
monly  used  in  the  confectionery  industry  but  has  found  some  ‘^^^eptmice 
by  bLery  technologists.  A  thin  layer  of  egg  white  liquid  is  warmed 
edher  by  hot  air  Mowing  over  it  or  warm  water  underneath  the  pans 
r  mo^ture  of  the  egg  is  evaporated  to  form  a  crystalline  app-.  g 
nroduct  of  about  14  to  16  per  cent  moisture.  These  crystals  are 

egg  white  is  also  milled  to  form  a  fine  powder  which  is  moie  it.  y 

soluble  than  the  larger  sizes.  r  is  usually 

Spray  Dried  Egg  White.-The  spray  drying  of  egg  white  b  u 

carried  out  in  a  drier  of  the  Rogers  type  as  shown  m  Fig.  33.  Drying 
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instantaneous  and  a  very  fine  powder  results  with  moistures  from  4  to  cS 
per  cent.  This  product  is  packed  into  fiber  drums  or  boxes  nsnalK'  with 
polyethylene  liners. 

Because  of  the  fact  that  there  is  less  residual  glucose  in  egg  yolk  and 
whole  egg  than  in  the  egg  white,  its  removal  is  not  carried  out  as  exten¬ 
sively.  The  stabilized  egg  yolk  and  whole  egg  which  does  have  the 
glucose  removed,  is  manufactured  almost  exclusively  by  the  use  of  the 


Fig.  33.  Storage,  Processing,  and  Cooling  Equipment  for  Liquid  Eggs. 

Plate  sterilizer  at  left  is  part  of  equipment  used  to  reduce  bacteriological  levels.  Liquid 
egg  must  be  kept  cold  at  all  times  to  insure  top  quality  egg  solids. 


I  glucose  oxidase  system  mentioned  above.  Because  volks  and  whole  e^gs 

■  readily  support  microbial  growth,  a  larger  quantity  of  the  enzx-me  is  em- 
^  ptoyed  and  the  reaction  is  completed  in  approximatelv  three  hours  No 

pH  ac^ustm^t  is  required  for  this  process  although  specified  for  some 
.  .  epartment  of  Agriculture  purchase  contracts.  Following  glucose 

■  rr  j>eid  zi 

I  Egg  voR-  1  1  ‘“'f  “ipment  used  for  this  process 

I  gg  >olk  and  whole  egg  are  pasteurized  at  140“  to  143“F  for  3  to  3  o 
:  minutes  to  reduce  the  bacteriological  nonuhtion  Tl  . 

'  *  iir; ‘''77 

:  egg  solids  are  packed  in  fiber  drums  or  boxes  md  sT  1 1  i  1 
except  in  the  case  of  the  glucose  free  nroduets  t  refrigerated 

■  normally  required  except  for  longer  holding  perTocM  207 r  '' 
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PHYSICO-CHEMICAI.  CHARACTERISTICS  OF  THE  EGG  COMPONENTS 
l^acli  (4  tlu'  major  constiliK'iits  ol  tho  ogg  has  sp('cilic  j4»ysico-ch('mical 
cliaracteristics  which  affect  tlicir  performance  in  tlie  food  indnstr\-.  W'lhlc 
some  of  these  factors  are  not  well  understood,  research  is  currently  going 
on  to  elucidate  their  role  as  ingredients  in  bakery  products  and  their  in¬ 
teractions  with  other  protein,  carbohy  drate  and  fatty  materials. 


Fig.  34. 


Cyclonic 


Dhying  and  Collecting  Chambers  Employed  in  the 
M.ynuf-acture  of  Egg  Solids 


All 


su 


rfaces  exposed  to  e^K  must  l,e  of  stainless  steel  to  insure  highest  quality 
and  freedom  from  metal  impurities. 


Egg  White 

The  egg  vshite,  although  appearhtg  to  be  a  ho.nogeneotts  ^ 

i  t,i.l  in  ,S.  «  »  I . ■ -u;-"- “r  ~.l 

with  a  concurrent  i  eduction  m  mn  >  ,  dioxide  and  the  tern- 

reaction,  which  is  influenced  by  ‘ ^  :a,.se  of  the  de- 

perature,  is  white  as  normally  seen  on  break- 

terioration  or  the  flattening  ot  the  egg  wn 
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i  ing  out  on  a  flat  surface.  These  layers  differ  slightly  in  their  total  solids 
:  content  from  11.2  per  cent  in  the  outer  thin  layer  to  15.7  per  cent  to  the 
I  innennost  layer,  with  the  average  of  the  entire  egg  white  being  12.1  to 
i  12.3  per  cent. 


3 


f 


i; 


tiG.  35.  Sphay  Drying  of  Egg  is  .\c:complished  in 

J^OGERs  OR  Similar  Xype  Drier 


a  Jfl  the  “rope”-like  structures  tliat  usually 

hokliug'tlie  volk^''^  7  *  clialazae  serve  the  fuuctiou  uV 

S  fon  e  '  ‘  Dt.ring  the  filteriug 
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The  gross  chemical  composition  of  liquid  egg  white  is  as  follows: 

Per  cent 


Water  87.7 

Solids  12.3 

Sodium  chloride  0.3 

Protein  10.7 

Free  glucose  0.38 

Cholesterol  0.002 


Approximately  two  per  cent  of  the  protein  is  of  an  insoluble  keratin 
tvpe  called  ovomucin.  This  protein,  as  will  be  shown  later,  plays  an 
important  role  in  bakery  performance.  A  number  of  workers  have  re¬ 
ported  on  the  protein  composition  with  at  least  nine  different  proteins 
having  been  found.  A  compilation  of  three  of  these  reports  is  shown  in 
Table  56. 


Table  56 


INDIVIDUAL  PROTEIN  CONSTITUENTS  OF  EGG  WHITE 


Found  By 


Ovalbumin 
Conalbumin 
Ovomucoid 
Total  globulins 
Lysozyme  Gi 
Globulin  G) 
Globulin  G3 


Longsworth 
(1940),  Per  cent 

58T9 

13.5 

13.7 

11.5 

2.7 

4.5 
4.2 


Forsythe  &  Foster 
(1950 ),  Per  cent 

63.6 

13.5 

9.0 

11.9 

3.3 

8.5 


Csonka  &  Jones 

(1952),  Per  cent 


58.4 

13.2 

14.1 

11.9 

3.8 

3.9 

4.8 


An  excellent  review  by  Everson  and  Soiiders  (19.57)  gives  the  compo¬ 
sition  of  liquid  egg  white  and  includes  minerals,  vitamins,  lipids,  anc 
amino  acids.  Egg  white  is  a  particularly  good  source  of  riboflavin  and 
biotin.  Avidin,  another  protein  found  in  minute  amounts,  is  capable  o 
binding  protein,  making  it  unavailable  to  some  species  m  the  uncooked 

The  pH  of  freshly  laid  egg  white  is  approximately  7.6.  During  storage 
of  the  .fhell  egg  the  pH  increases  due  to  the  loss  of  carbon  dioxide  to  ap¬ 
proximately  9A  During  this  change  there  is  an  accompanying  " 

Tcos";,  idthough  as  indicated  above,  the  system  is  so  ..^-mo^eneoi. 

that  visc-osity  measurements  have  very  little  meanii  g.  g  P 

essing  of  egg  whites  a  more  homogeneous  mixture  results  and  vis 
is  ^rther  feduced  by  reduction  in  the  size  of  the  insoluble  ovoinucni 

bers  (Forsythe  and  1951  )■  denatiiration  by  heat. 

The  proteins  m  egg  white  are  vt  y  .  1 
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lleMiatiiration  as  used  liere  designates  eoagulation  but  other  related 
ehanges  occur  and  may  l)e  of  significance  to  tlie  baking  teclinologist. 
Most  of  the  egg  white  proteins  wlien  denatured  become  insoluble.  In 
addition  to  denatiiration  by  heat  many  chemical  agents  including  urea, 
guanidine  hydrochloride,  salicylates  and  anionic  detergents  are  effective 
denaturants  and  are  also  capable  of  redissolving  denatured  protein  when 
used  in  a  high  enough  concentration.  Egg  white  denatures  very  rapidly 
at  130°  to  135°F.  and  is  almost  instantaneously  denatured  at  140°F. 
Coagulation  can  be  retarded  by  rapid  agitation  during  the  heating  proc¬ 
ess.  Viscosity  has  been  widely  used  to  measure  the  preliminary  stages 
of  denatiiration  before  any  evidence  of  precipitation  or  coagulation  can 
be  noted.  Bernard  et  al.  ( 1948 )  and  Slosberg  et  ah  ( 1948 )  showed  that 
higher  concentrations  of  sucrose  elevated  the  denaturation  temperature  of 
egg  white.  Some  inorganic  salts  (e.g.,  NaCl)  as  well  as  the  protein  con¬ 
centration  are  also  very  effective.  As  the  egg  white  protein  is  diluted  with 
water,  coagulation  temperature  is  elevated.  Coagulation  or  precipitation 
is  not  observed  in  the  absence  of  salts.  The  denaturation  is  much  more 
rapid  and  gelation  takes  place  very  quickly  at  pHs  below  4.6  to  4.8  (for 
ovalbumin)  the  isoelectric  point  of  the  major  protein  constituents.  Co¬ 
agulation  and  precipitation  are  retarded  or  prevented  at  a  high  pH. 

The  use  of  egg  white  in  the  candy  and  baking  industry  is  primarily 
based  upon  its  ability  to  form  foams  stable  enough  to  support  large 
quantities  of  flour  and/ or  sugar.  These  foams  must  be  capable  of  hold¬ 
ing  these  other  ingredients  until  heat  coagulation  can  occur  in  the  oven 
and  a  stable  protein  matrix  develops.  To  create  foams  a  material  with 
a  low  surface  tension  and  low  vapor  pressure  must  be  present.  The  sub- 
stance' on  the  surface  of  the  foam  must  be  capable  of  solidifying  to  form 
a  solid  matrix.  A  high  viscosity  is  also  helpful  in  the  initial  stages  of  the 
toam  fonnation  and  the  structure  should  be  stabilized  by  the  heat  de¬ 
naturation  of  the  proteins.  Egg  white  has  characteristics  which  are  es- 
foam  formation.  MacDonnell  al  (1955)  have  demon- 

r  /o  r  g  obuhns  are  primarily  responsible  for  lowering  the 

urface  tension  and  increasing  the  viscosity  to  the  point  where  rapid 

ble.  As  the  foam  develops  the  bubbles  become  increasingly  smaller 
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Finally  the  ovalbumin  which  is  readily  heat  coagulable,  sets  up  in  the 
oven  to  form  a  solid  structure  capable  of  supporting  many  times  its 
weight  of  sugar  and  Hour.  The  major  efforts  of  egg  technologists  have 
been  to  study  the  factors  adecting  the  formation  of  a  loam.  Not  only  the 
actual  pH  has  been  shown  to  be  important  but  the  type  ol  acid  used  to 
adjust  pH.  Albumen  between  pH  6.5  and  9.5  has  the  greatest  foaming 
power  whereas  at  pH  5  a  longer  time  was  required.  At  lower  pHs,  how¬ 
ever  the  foam  once  formed  is  significantly  more  stable.  Acid  phosphates 
and  ’  potassium  bitartrate  have  been  found  to  be  more  effective  in 
stabilizing  foams  than  either  acetic  or  citric  acid.  Very  dilute  aqueous 
solutions  of  egg  albumen,  curiously,  foam  greatest  at  their  isoelectric 
point.  Thuman  et  al  (1949)  found  that  a  0.05  per  cent  solution  of  oval¬ 
bumin  with  an  isoelectric  point  of  4.6  to  4.8  had  the  greatest  fo^ining 
power  at  pH  3.7  to  4.0.  Thev  observed  no  foaming  m  the  range  pH  b  to 
11  whCTe  a  ten  per  cent  solution  of  egg  white  has  optimmn  foaming. 
Egg  white  at  approximately  5()°F.  foams  much  less  rapidly  than  at  86  F. 
but  the  stability  of  the  foam  is  impaired.  Temperatnies  above  ■  . 

tend  to  decrease  both  volume  and  stability  of  the  foam.  Recent  studies 
have  shown,  however,  that  this  observation  may  be  dependent  upon  pH 
and  that  in  some  cases  actual  improvement  can  be  detected  at  the  pH  of 
'natural  egg  white.  Research  is  currently  being  carried  out  to  investig. 

further  these  findings. 


Egg  Yolk 

The  phvsical  structure  of  the  yolk  of  the  egg  is  less  defined  than  that 
of  the  llbumen  portion  and  is  generally  considered  to  he  of  Ihtle  signi 
fi*e  toeither  the  consumer  of  whole  eggs  or  egg  products  ’ 'f 

should  .  ^7"^  of  vellow  and  white  yolk  which  can, 

strata,  each  containing  a  thin  b. 

readily  be  observed  w  indicates  an  emulsioni 

Microscopic  °  from  0.025  to  0.150  inin.  in. 

with  quite  vyyyg  ,®n,fin,  considerably  smaller  glob- 

diameter  The  ®  y  q  „„„  in  diameter.  These  globular: 

iiles  in  the  range  o  .  emulsification  in  the  various  layers.  Tliej 

spheres  indicate  the  deg  j  yolk  in  the  intact  egg,  but  is- 

vitelline  membrane  serves  y'’‘‘  ^  Smith  (1959); 

permeable  to  inorganic  constituents  ‘y  -i^^eer  moleculaii 

Llicates  that  this  — "iS  a  es  weakens  and. 

weight  lipid  materials.  As  feg  j^.j.  j  f  contaminating  tin. 
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is  considerably  more  complex  than  that  of  the  white.  On  laboratory 
broken  out  eggs  the  following  figures  have  been  obtained. 


Per  cent 


Water  49.5 

Solids  50.5 

Sodium  cliloride  0.3 

Protein  16.3 

Fat  31.9 

Glucose  0.17 


The  lipids  of  the  egg  yolk  are  composed  essentially  as  follows: 


Lipids  of  total  yolk  solids 

Glycerides 

Total  phospholipids 

Lecithin 

Gephalin 

Others 

Gholesterol 

'  Usually  considered  lo  he  a  luiniinimi 


Per  cent 
63.91 

40.3 

21.3 

Per  cent 
13.1 
5.4 
2.8 

3.6 

1  57  per  cent  in  eoimnereial  e^J^  solids. 


.Approximately  30  per  cent  of  the  total  fatty  acids  are  saturated  and  about 
70  per  cent  unsaturated.  Isolated  egg  oil  is  very  sensitive  to  oxidation 
and  softens  and  melts  at  about  80°  to  90° F.  The  egg  yolk  is  a  rich 
source  of  many  vitamins,  being  an  excellent  source  of  vitamins  A,  D,  E, 
folic  acid,  biotin  and  choline.  The  pH  of  freshly  laid  egg  yolk  is  ap¬ 
proximately  6.0.  As  in  the  case  of  the  white,  the  pH  of  the  yolk  increases 
as  the  eggs  are  stored  due  to  a  passage  of  bicarbonate  ion  or  carbon 
dioxide  gas  through  the  vitelline  membrane  and  out  of  the  egg.  The 
viscosity  of  liquid  egg  yolk  is  rather  constant  but  can  be  changed  by 
rapid  stirring  such  as  in  a  Waring  type  blender.  As  the  yolk  ages  water 
moves  across  the  vitelline  membrane,  reducing  the  viscositv  of  the  yolk 

fnllnwc-  ' 


Water  Content 
of  Yolk, 

Per  cent 


47.2 

■So.o 

.S4.() 

57.6 


Relative  Viscosity 
of  Yolk, 
VVatei"  =  1 


100 

.52.7 

10.5 

3.5 
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Tliis  viscosity  of  the  yolk  also  is  somewhat  dependent  upon  the  amounts 
of  carbon  dioxide  loss  and  storage  of  eggs  in  carbon  dioxide  retards 
changes  in  the  viscosity  of  the  yolk.  The  density  of  the  egg  yolk  depends 
upon  the  amount  of  water  that  has  diffused  into  it  across  the  vitelline 
membrane,  but  in  the  fresh  egg  is  almost  identical  to  that  of  the  albumen 
with  an  average  specific  gravity  of  1.035. 

The  egg  yolk  proteins  are  protected  from  the  effects  of  heat  by  the  rela¬ 
tively  high  amount  of  lipid  material  present.  Egg  yolk  begins  to  coagu¬ 
late  at  temperatures  of  144°  to  146°F.  with  a  very  pronounced  rise  in 
viscosity  above  144.5°F.  Coagulation  is  practically  instantaneous  at 
158° F.  Sugars  have  a  protective  influence  on  the  coagulation  of  egg 
yolk  proteins  as  noted  above  for  egg  white.  As  in  the  case  of  egg  white, 
egg  yolk  coagulates  at  a  higher  temperature  when  diluted.  Egg  yolk 
exhibits  a  high  degree  of  surface  activity,  the  surface  tension  of  the  yolk 
being  approximately  two-thirds  that  of  the  albumen.  Surface  tension 
of  albumen  has  been  measured  at  about  50  dynes  per  centimeter  at  pH 
7.8.  As  denaturation  takes  place,  marked  decreases  in  surface  tension 
are  noted. 

While  yolk  is  not  commonly  employed  as  a  foaming  agent  with  the 
exception  of  a  yellow  sponge  type  baked  product,  it  does  have  charac¬ 
teristic  foaming  ability.  The  type  of  foam,  however,  is  quite  diffeient 
from  that  produced  when  egg  white  is  beaten,  in  this  case  being  pii- 
marily  an  oil-water-air  emulsion.  The  matrix  of  the  emulsion  is  com¬ 
posed  of  surface  denatured  protein  material  from  the  yolk.  The  emulsi¬ 
fying  ability  of  the  egg  yolk  is  used  in  many  applications  by  the  food 
technologist.  Probably  the  most  familiar  is  the  manufacture  of  mayon- 
liaise  and  salad  dressings.  As  indicated  above,  egg  yolk  is  already  a  well 
started  emulsion  at  the  time  the  egg  product  is  manufactured.  This  is 
primarily  due  to  the  high  concentration  of  phospholipids  which  not  only 
are  capable  of  maintaining  the  emulsion  in  a  stable  state  but  permit  the 
inclusion  of  additional  oil,  water  and  other  ingredients  to  build  additional 
emulsified  products  and  stabilize  them.  The  lecithin  is  very  l>l=ely  co™- 
plexed  with  the  protein  portion  of  the  yolk  in  what  has  been  cal  ed  ^ 
lecithoprotein.  Calcium  ions  are  known  to  reverse  the  phases  o  egg. 
yolk  Stabilized  emulsions.  Acids  in  the  neutral  pH  range  result 
inversion  although  coarser  emulsions  generally  result. 


Whole  Egg 

As  would  be  expected,  the  properties  of  the  mixed  white  and  yolk  are^ 
a  combination  of  those  properties  that  wo«ld  be  ^  as  bir  as 
ical  combination,  nutritive  value,  and  pH  are  concern 
composition  of  the  mixed  yolk  and  white  is  as  follows. 
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Percent 

W^ater 

7i 

Solids 

26 

Protein 

12.7 

Fat 

11.6 

Glucose 

0.32 

In  thoroughly  mixed  whole  egg,  the  structure  of  both  the  white  and  yolk 
is  destroyed  and  can  no  longer  be  identified.  Protein  denaturation  fol¬ 
lows  the  pattern  as  discussed  above  for  egg  yolk  rather  than  egg  white, 
although  critical  coagulation  temperatures  are  somewhat  lower  than  the 
egg  yolk.  Whole  egg  performs  as  a  foaming  and  emulsifying  agent 
more  nearly  like  egg  yolk  than  the  white  because  of  the  relatively  high 
proportion  of  the  solids  being  contributed  by  the  yolk. 

EFFECTS  OF  PROCESSING  ON  CHARACTERISTICS  OF  EGG  GOMPOxNENTS 
The  Breaking  Process 

The  breaking  process  has  certain  marked  effects  on  some  of  the  quali¬ 
ties  of  the  egg  components  of  considerable  interest  to  the  baking  tech¬ 
nologist.  One  of  the  most  important  things  is  the  contamination  of  the 
whites  by  egg  yolk  during  the  high  speed  breaking  and  separating  of  the 
^ggs.  Extreme  care  must  be  exercised  both  in  the  selection  of  the  quality 
of  the  eggs  to  he  broken  and  in  the  operation  itself  to  maintain  a  con¬ 
taminating  level  helow  0.02  to  0.03  per  cent.  Above  this  level  decreases 
in  whipping  ability  of  the  egg  white  are  observed.  Small  blood  and  meat 
spot  imperfections  must  be  removed  during  this  process.  Contrary  to 
popular  helief,  these  defects  do  not  contribute  to  the  microbial  population 
of  the  egg  as  they  are  the  result  of  small  ruptures  or  detachments  from 
the  wall  of  the  oviduct.  During  the  churning  operation  a  certain  amount 
ot  cutting  of  the  ovomucin  fibers  is  desirable  to  create  a  more  free  flowincr 
product.  This  is  accomplished  either  in  the  churns  themselves  or  bv 
su  )]ec  mg  t  le  egg  white  to  the  action  of  cutting  devices  similar  to  those 
encountered  in  a  Waring  Blender.  This  milling  (  MacDonnell  ct  al  1950) 

Cl  easing  the  whipping  time  required  in  the  bakerv.  In  the  past  bakers 
ave  been  suspicious  ot  this  type  of  product  because  thev  suspected  Lt 

yeductron  .n  v.scosity  was  dr.e  to  the  addition  of  water.  With  modern 
day  inspection  in  breaking  plants  by  Federal  authorities  as  u^ell  as  simole 
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ards  of  identity  for  liciuid  egg  yolk  include  a  minimum  solids  figure  of 
40.0  p('r  e('nt.  For  free/.ing  purposes  two  products  ar(‘  juodiiec'd,  one 
with  a  minimum  ot  43  p('r  cent  solids  and  one  of  45  p(‘r  ((Mit  solids  con- 
44u'  amount  of  mechanical  agitation  or  milling  of  the  yolk  has  an 
elfeet  on  the  \  iscosity  not  onh’  of  the  liquid  yolk  but  of  yolk  after  freezing 
and  defrosting. 

Whole  eggs  are  considered  to  be  the  product  that  results  from  the 
natural  proportion  of  parts  with  no  excess  white  or  yolk  being  added.  In 
many  instances,  however,  whole  eggs  are  standardized  to  a  solids  content 
of  26  per  cent  in  the  breaking  operation. 


An  important  quality  attribute  that  can  be  controlled  in  the  breaking 
process  is  the  microbiological  condition  of  the  egg.  Shell  eggs,  when 
broken,  must  move  very  rapidly  through  the  entire  process  and  be  held  at 
as  low  a  temperature  as  possible  to  prevent  microbial  development.  Egg 
products  are  cooled  to  under  40° F.  either  by  plate  t\  pe  cooling  equipment 
or  packed  into  cans  within  30  minutes  of  the  breaking  time.  Plant  sanita¬ 
tion  at  this  point  is  extremely  critieal  with  frequent  washdowns  and 
sanitizing  of  the  equipment  required.  All  material  with  which  the  egg 
comes  in  contact  is  made  of  stainless  steel  to  resist  the  corrosive  action  of 
the  cleaning  materials  that  are  needed  to  remove  egg  soil. 

The  preparation  of  special  mixtures  of  egg  products  is  carried  out  in 
the  breaking  proeess.  A  common  practice  is  to  include  ten  per  cent  salt 
or  ten  per  cent  sucrose  in  some  egg  yolk  to  be  frozen.  The  addition  of 
salt  or  sugar  prevents  gelation  of  the  egg  yolk  during  the  freezing  proces.s. 
Without  these  additives  the  phospholipids  set  up  to  a  very  firm  gel  which 
is  difficult  to  make  homogeneous  in  the  bakery  upon  defrosting.  It  yolk 
could  be  frozen  at  temperatures  above  25°F.  it  would  retain  its  nonnal 
fluidity  upon  thawing.  However,  this  is  impossible  due  to  the  growth 
of  microorganisms  at  these  temperatures.  The  irreversible  change  which 
takes  place  apparentlv  is  the  result  of  separation  ot  water  from  the 
lecithovitellin  complex  which  then  precipitates  The  eftect  ot  ^''e 
and  salt  mav  be  to  depress  the  freezing  point  ot  the  water  ^ 

not  separate  from  the  lipoprotein  complex.  The  choice  ot  eithei  ot  . 
ingredients  depends  upon  the  final  nse  to  which  the  pmdiict  is  to  he  put 
\’arions  other  mixtures  are  produced  «  hich  mchule  whole  ^  j  , 

carbohydrate  derivatives.  The  most  common  ot  these  ‘I' ^  ; 

“tex”  products  with  the  egg  portion  consisting  ot  ^  ^ 

improve  the  foaming  and  emulsifying  ability  of  the  hqmd  mixtm  . 
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3  Freezing 

Freezing  in  itself  has  little  effect  other  than  mentioned  above  except 
to  retain  the  egg  products  in  the  condition  they  were  at  the  time  of  pack¬ 
ing.  Pearce  and  Reid  (1946)  carried  out  extensive  studies  on  the  stor¬ 
age  of  frozen  whites  and  yolk  for  three  months  at  — 10°F.  Their  studies 
indicated  that  the  freezing  of  whole  egg  lowered  sponge  cake  volumes  im¬ 
mediately  after  freezing  but  that  increases  occurred  upon  storage  of  the 
frozen  egg  to  about  the  original  level  after  three  months.  Many  users  of 
freshly  frozen  eggs  refer  to  these  products  as  “green.”  However,  there 
seems  to  be  insufficient  data  to  support  this  conclusion  in  the  literature. 
\\\)rk  reported  by  Forsythe  et  al.  ( 1953)  on  frozen  fortified  egg  with  corn 
svrup  derivatives  added,  indicated  that  the  freezing  and  thawing  rates 
were  much  more  important  than  the  storage  time  or  temperature.  Vis¬ 
cosity  of  the  finished  product  was  altered  significantly  by  freezing  and 
thawing  although  performance  in  yellow  sponge  cakes  was  not  signifi¬ 
cantly  different  between  treatments.  Pearce  and  Lavers  ( 1949 )  had  made 
the  same  observation  with  egg  yolk  and  frozen  whole  egg,  and  con¬ 
cluded  that  the  differences  were  not  statistically  significant.  Probably 
the  only  factor  that  is  of  practical  importance  in  the  storage  of  frozen 
eggs  is  proper  maintenance  of  temperature  and  the  prevention  of  rust 
contaminating  the  eggs  from  the  cans  if  the  holding  time  is  too  long  or 
the  cans  are  allowed  to  sweat  excessively  during  movement  from  ware¬ 
house  to  warehouse. 


Drying 

Since  the  effects  of  the  drying  techniques  are  quite  different  for  white, 
yolk  and  whole  egg  products  these  will  be  considered  separately. 

Whites.-Of  considerable  importance  in  the  liquid  treatment  of  egg 
vvhite  is  what  are  considered  as  pH  and  acid  effects.  Early  Chinese 
albumen  processors  knew  that  albumen  that  was  allowed  to  ferment 
thereby  increasing  its  acidity,  whipped  up  better  than  one  which  had  a 
higlier  pH  Some  American  workers  formerly  attributed  this  to  the  re¬ 
moval  of  glucose,  but  it  is  now  definitely  known  that  the  effect  of  glucose 
as  indicated  above,  is  a  completely  separate  one  and  as  such  has  no  effect 
on  the  perfornrance.  The  Chinese  workers  (Henningsen  1955)  also 
knew  that  the  lengtli  of  time  that  egg  white  was  lield  at  a  lower  pH  level 
ad  an  effect  on  its  whipping  performance.  The  acid-binding  pro,)erties 
arious  pioteins  have  been  extensively  reviewed  (Waugh  19,54) 

viewpoint  this  information  can  be  utilized,  and  it  manifests' itsdf  i'n  dm 
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effect  of  acids  on  foam  staliility  and  on  the  temperature  of  heat  coagula¬ 
tion. 

These  effects  are  completely  different  and  separate  from  what  is 
anticipated  from  the  hydrogen-ion  concentration.  From  the  work  of 
Neurath  et  al.  (1944)  and  others  (Cannon  et  ah  1941),  it  is  known  that 
the  rate  of  denatiiration  from  heat  as  well  as  from  other  forces  is  gen¬ 
erally  greater  when  the  pFl  of  a  protein  solution  has  been  adjusted  to  its 
isoelectric  point.  Thus,  we  have  a  combined  effect  of  the  anion  and  cat¬ 
ion  of  the  acid  added  to  the  egg  white  during  processing,  whether 
it  is  added  by  the  fermentation  organisms  or  in  the  form  of  the  food 
acids  by  the  processor. 

The  effect  of  acid  added  to  the  “A”  mix  portion  of  an  angel  food  cake 
mix  is  similar  (Forsythe  1957).  For  example,  phosphoric  acid  salts  pro¬ 
duce  meringues  which  are  more  stable  than  those  produced  by  tartaric 
acid  salts  (Lewis  et  ah  1953).  The  effect  is  noticeable  even  when  the 
hydrogen-ion  concentration  is  the  same.  Certain  of  the  complex  phos¬ 
phoric  acid  salts  result  in  more  rapid  foam  formation  as  well  as  affecting 
their  stabilizing  influence. 

The  acid  of  choice  for  the  pH  adjustment  of  egg  white  during  process¬ 
ing  is  either  lactic  or  citric  acid.  Citric  acid,  of  course,  has  the  added 
advantage  of  sequestering  any  iron  that  might  be  present  from  contam¬ 
inated  equipment  in  the  bakeshop,  eliminating  the  possibility  of  the 
well-known  iron-conalbumin  reaction  which  gives  a  distinct  pink  color 

to  meringue. 


It  has  recently  been  discovered  that  certain  other  chemicals  when 
added  to  egg  white  enhance  the  whipping  performance.  The  English 
workers  Clavton  and  Montgomerie  (1937)  showed  that  salts  of  bde  acids 


In  1959,  Kline  and  Singleton  received  a  pa 
salts  for  the  improvement  of  the  whipping  pci 


rfonnance  of  dried  egg  white. 
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riiis  j^atcnt  would  appear  to  be  very  similar  to  tliat  asciibcd  to  the  Ibitisb 
latent  above. 

Little  or  no  sei('ntifie  information  is  available  to  indieate  the  mode  of 
iction  of  these  ehemieals.  Lnndgren  and  O’CJonnel  (1944)  have  studied 
he  effeet  of  alkyl-aryl  sulfonates  on  egg  albumen  in  an  attempt  to  pro- 
luee  synthetie  fibers.  From  their  work  it  might  be  eoneluded  that  the 
'fiect  of  anionie  surfaee-aetive  agents  is  to  inerease  the  ease  of  surfaee 
lenaturation  permitting  a  more  stable  foam  to  be  formed  more  rapidly. 

An  unintentional  additive  whieh  has  a  decided  effect  on  egg  white,  as 
ndicated  earlier,  is  fat.  This  factor,  formerly  not  as  well  recognized  as 
\t  present,  undoubtedly  accounts  for  part  of  the  so-called  “seasonal” 
effect  on  egg  white  quality.  Eggs  broken  in  the  hot  summer  months 
isually  show  higher  yolk  levels  unless  special  precautions  are  taken.  The 
at  of  egg  yolk  significantly  retards  the  formation  of  foams  and  decreases 
heir  stability.  The  anionic  surface-active  agents,  triethyl  citrate,  sodium 
leso.xycholate  and  oleic  acid  salts  overcome  a  portion  of  the  damage  re- 
ulting  from  yolk  fat.  These  materials  are  effective,  however,  over  only 
i  limited  range  of  yolk  contamination.  It  is  also  apparent  from  observa- 
ions  in  our  laboratories  that  certain  of  the  fats  in  flour  contribute  to 
nstability  of  egg  white  meringues.  This  is  a  real  problem  in  the  prepara- 
ion  of  an  angel  food  type  cake.  Again  very  little  is  known  concerning 
he  theory  of  the  mode  of  action  of  these  fats,  but  a  considerable  amount 

)f  research  is  under  way  in  various  institutions  to  investigate  this  phe- 
lomenon. 

A  criticism  of  much  of  the  egg  white  research  that  has  been  carried  on 
n  academic  institutions  is  that  much  of  it  has  been  undertaken  without 
full  knowledge  of  the  effect  of  fat  and  these  other  chemical  additives 
)n  commercial  products.  Results  have  been  obtained  which  cannot  be 
nterpreted  in  the  light  of  commercial  practices. 

It  has  commonly  been  accepted  from  tire  early  days  of  albumen  drying 
hat  It  was  possible  to  make  a  more  satisfactory  whipping  product  with 
)an-dryjng  than  with  spray-drying  techniques.  Almost  all  of  the  Chinese 
Ibumen  formerly  used  in  this  country  and  in  many  foreign  countries  was 
)an  dned  As  the  need  for  better  sanitation  and  larger  quantities  of  egg 
vhi  e  sohds  developed,  efforts  were  made  to  replace  the  inefficient  and 

mted  rW  ^Ptay  drying.  It  was  immediately 

oted  that  It  was  difficult  and  even  impossible  under  some  conditions  to 
>roduce  a  satisfactorily  performing  product 

Bergquist  and  Stewart  (1952),  among  others,  investigated  the  reasons 
this  deficiency  and  concluded  that  the  atomization  during  spray  drv 
ng  was  responsible  for  the  poor  whipping  product,  AtomiziUion  c^etes 
mendoiis  surface  areas  which  contribute  to  the  loss  of  beating  power. 
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cv  ar('as,  tlu'  longer  llu'  heating  time.  1  hey  siiggt'stecl  that  il  spray 
drying  could  lie  accomplished  with  less  siirtace  damage  due  to  atomiza¬ 
tion,  a  satisfactory  product  would  result.  It  has  been  the  trend  during;: 
the  last  five  years  to  reduce  atomization  pressures  as  well  as  to  develop*; 
new  devices  causing  less  atomization  damage.  It  is  now  possible,  withi 
the  combined  use  of  acid  effects,  additive  effects,  and  atomization  effects,, 
to  produce  an  egg  white  product  which  is  actually  superior  in  perforin- - 
ance  to  natural  fresh  egg  white  (although  some  formula  modifications; 
are  usually  necessary  to  take  advantage  of  these  improvements,  see  alsoi 

p.  213. 


con-- 


).  ZiO. 

The  effect  of  heat  treatments  on  dried  egg  albumen  has  long  been 
sidered,  since  the  egg  white  is  subjected  to  certain  quantities  of  heat  dur¬ 
ing  the  spray  drying  operation.  Banwart  and  Ayres  (1956)  at  Iowa  State 
College  carried  out  a  comprehensive  series  of  studies  to  determine  the;, 
effect  of  heat  treatment  on  the  microbiological  properties  of  egg  white, 
solids  as  well  as  on  the  functional  properties.  Their  studies  showed  thati 
it  was  possible  to  reduce  significantly  levels  of  Salmonella  at  moistures^ 
below  six  per  cent  at  122°F.  without  damaging  functional  perfonnances^ 
They  actually  observed  an  improvement  in  beating  characteristics  o  . 
albumen  held  under  these  conditions.  Albumen  held  at  higher  levels  of 
moisture  suffered  a  loss  of  functional  performance.  It  is  apparent  from 
their  studies  that  no  heat  damage  results  during  the  actual  spray  drying 
operation.  No  theories  have  been  advanced  for  the  slight  improvement 
noted  during  storage,  but  if  we  take  our  clue  from  the  other  investiga¬ 
tions  mentioned,  this  improvement  may  be  due  to  the  slight  and  possi 
selective  denaturation  of  certain  of  the  egg  white  proteins. 

Yolks.-As  indicated  earlier,  there  is  considerably  less  liquid  tieatmei 
uJaly  employed  for  egg  yolk  than  for  egg  whites 
tliere  are  lesser  effects  on  the  qualities  of  the  dned  product  due  to  proc. 
essins;  factors  The  primary  change  that  takes  place  during  tie  iqui> 
Sngt  -  development  of  micro-organisms  if  temperatures  are  . 
han  II  ng  development  of  both  spoilage  type  and  healtl 

“ns 

spoilage  organisms  are  of  the  pathos 


Pasteurization  effectively  reduces  total  inicro])ial  populations  and  is  es- 
])ecially  effeetive  for  the  pathogeuie  types  whicfi  with  only  a  few  excep¬ 
tions  are  more  heat  labile  than  most  other  organisms.  Some  work  has 
been  done  to  investigate  the  effect  of  fat  antioxidants  on  the  keeping 
(juality  of  yolk  after  drying.  Little  success  lias  been  achieved  in  this 
regard  probably  due  to  the  very  high  state  of  emulsification  which  re¬ 
sults  in  numerous  surfaces  of  fat  exposed  to  oxygen.  According  to  Joslin 
and  Proctor  (1954),  in  the  spray  drying  operation  the  emulsion  of  the 
egg  volk  is  modified  to  the  extent  that  there  is  a  considerable  loss  in 
foaming  ability.  This  is  particularly  noticeable  in  the  preparation  of 
sponge  cakes  from  egg  yolk  solids.  There  seems  to  be  little  effect  on  the 
actual  emulsifying  ability  of  the  egg  yolk  as  it  has  been  shown  that  a 
satisfactory  mayonnaise  product  can  be  prepared  commercially  with  egg 
yolk  solids.  Kline  et  al.  ( 1951 )  reported  that  the  storage  life  of  whole 
egg  (and  egg  yolk)  is  determined  primarily  by  three  factors.  The  first 
two  of  these  involves  the  reaction  between  glucose  and  proteins  (the 
Maillard  reaction)  and  the  phospholipid  cephalin  moiety  of  either  the 
proteins  or  lipoproteins.  These  can  be  retarded  effectively  as  indicated 
earlier  by  the  removal  of  the  glucose.  The  third  deteriorative  reaction 
that  takes  place  is  the  typical  oxidation  of  fat  which  results  in  rancidity. 
1  his  reaction  is  retarded  by  low  temperature  storage,  inert  atmosphere 
packing,  and  apparently  also  is  affected  by  the  original  bacterial  popida- 
tion  of  the  liquid  yolk.  This  may  be  due  to  the  presence  of  fat  splitting 
bacterial  enzymes.  The  expected  shelf  life  of  stabilized  egg  yolk  solids 
( glucose  free )  can  be  estimated  as  follows : 


Storage  Conditions 


Shelf  Life 


35  °F. 
75  °F. 
85  °F. 
95  °F. 
110°F. 


9  months 
6  months 
4  months 
2  months 
2  weeks 


These  estimates  are  based  primarily  upon  flavor  changes  as  there  are 
only  minor  changes  hi  chemical  composition  or  functional  performance. 

th'!!*"  *  T  ^‘•"‘'“‘^‘s-Processing  variables  have  essentiallv 

the  same  effect  on  whole  egg  products  as  described  above  for  yolk  The 

eterioration  of  the  fat  is  somewhat  less  pronounced  since  the  fat  content 
w  10  e  egg  solids  is  41  per  cent  compared  with  the  yolk  at  57  per  cent 
The  most  important  effect  that  processing  has  is  the  effect  of  atomization 
and  drying  on  the  foaming  ability  of  the  whole  egg.  This  is  more  critical 

in<J!;.:tr7t:;2,;f"^  bakhig 
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Brooks  and  1  lawtliorne  (1943)  and  (Conrad  cl  al.  (1948)  in  extensive 
studies  showed  tliat  the  addition  of  carholiydrate  materials  prior  to  dry¬ 
ing  retarded  tlie  effects  of  storing  at  high  temperatures  and  retained  tlie 
functional  performance  required  for  making  sponge  type  foams.  These 
studies  showed  sucrose  to  be  most  effective  with  glucose  and  other  lower 
molecular  weight  carbohydrates  to  be  somewhat  less  effective.  Dextrins 
in  these  studies  retarded  off  flavor  development  but  had  little  effect  on 
the  aerating  power.  Conrad  concluded  that  this  damage  may  result  from 
the  shearing  action  necessary  when  liquid  egg  is  sprayed  through  nozzles 
under  high  pressure  and  that  this  energy  may  disrupt  the  emulsion  and 
even  surface  denature  the  egg  protein.  They  concluded  that  the  heat 
is  incidental  and  that  it  is  probably  the  moisture  removal  that  is  of  greater  ! 
consequence.  The  moisture  loss  probably  results  in  removing  the  protec¬ 
tive  atmosphere  of  water  which  nonnally  surrounds  lipoproteins  and 
that  carbohydrates  with  their  abundance  of  hydroxyl  groups  replace  this; 
protective  atmosphere. 


BAKERY  FUNCTIONS  AND  PRODUCT  TYPES 
A  wide  variety  of  egg  solids  products  have  been  developed  and  arei 
commercially  available  for  specialized  application  in  the  baking  fieiy 
Typical  specifications  for  some  selected  products  are  shown  m  Table 
57.  In  the  development  of  these  products  primary  attention  has  beer 
paid  to  the  functional  and  organoleptic  roles  demanded  m  the  difteren# 

products. 


Standard  Whole  Egg  Solids 

This  product  is  used  in  cookies,  layer  cakes,  pouml  cakes  and  otherr 
where  the  functional  role  of  the  egg  does  not  include  primary  leavemiH- 
or  foam  formation,  although  when  properly 

mav  he  possible.  Widespread  use  is  found  m  mstitu  onal  proc  i  . 
Three  p-ncls  of  water  and  one  pound  of  whole  egg  solids  are  used  U 
obtain  the  liquid  equivalent  of  fresh  whole  egg. 


Stabilized  Whole  Egg  Solids 

This  product  is  identical  ms^ud  ^  nltundl 

life  has  been  extendec  jj,  „se  in  grocery  produa 

occurring  m  the  egg.  ^  1  (The  usual  commercui 

,uises  and  makes  cold  tin!  Type  of  product  unde 

practice  is  for  egg  ^  ^vhen  no  further  refrigeratio 

. . . . 

inventory  problems. 
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Table  57 


TYPICAL  SPECIFICATION  DATA  FOR  THREE  SELECTED  EGG  SOLIDS  PRODUCTS 


Whole  Egg 

Whites,  Spray  Yolks,  Stabilized  Stabilized 


Toisture 

"at 

)H 

’rotein 

'olor 

)dor 

deducing  Sugar 
"otal  Bacteria 
Count 
^  east 
/fold 
ioliform 
Granulation 

*erformance 


8  per  cent  Max. 
Negligible 
6 . 5-7 . 5 

80  per  cent  Min. 
Creamy  characteristic 
Bland 

0.1  per  cent  Max. 

10,000/gm.i 

<10/gm. 

<10/gm. 

<10/gm. 

Through  USBS  #100 
97  per  cent  Min. 
Specified  on  purchase 


5  per  cent  Ma.x. 

57 . 0  per  cent  Min. 
6.5  ±  0.3 
30  per  cent  Min. 
Specified  on  purchase 
Bland 

0.1  per  cent  Max. 

50,000/gm.  Ma.x. 
<10/gm. 

<10/gm. 

<10/gm. 

Through  USBS  #16 
100  per  cent 
Specified  on  purchase 


5  per  cent  Max. 

40.0  per  cent  Min. 
7.5  rt  0.4 
49  per  cent  Min. 
Specified  on  purchase 
Bland 

0.1  per  cent  Max. 

50,000/gm.  Max. 
10/gm. 

10/gm. 

10/gm. 

Through  USBS  #16 
100  per  cent 
Specified  on  purchase 


'  Only  specified  when  low  bacteria  count  products  needed.  Purchased  usually  at  price  premium 


ortified  Whole  Egg  Solids 

A  variety  of  products  are  manufactured  under  this  category  consisting 
mixtures  of  whole  egg  and  yolk  in  various  proportions.  The  common 
’loportion  IS  about  70  per  cent  of  liquid  whole  egg  and  30  per  cent 
quid  yolk,  whieh  when  dried  results  in  a  product  having  slightlv  less 
lan  one-half  egg  yolk  solids  and  slightly  over  one-half  whole  egg  solids, 
uc  a  product  finds  application  in  fonnulations  requiring  both  whole 
gg  and  yo  k,  or  egg  whites  and  yolk.  Economic  considerations  often 
ermine  the  extent  to  which  this  product  is  utilized.  At  the  present 
me  It  has  found  widest  use  in  the  baking  industry  in  layer  type  cakes 

“terand"?  rof  th”  ™  formulation.  2  to  3  lbs.  o( 

quM  mixtirl  composition  of  the 

''hole  Egg  Solids— Special  Blends 

irbohydrate  solid.  Formerly  the  most  sti'd^^  ^  and  some  type  of 

Tg  IHirpose  of  the  indesion  j  ,he  sucrol^g.'^fh 

^hydrates  is  to  retain  thp  r  .  ^  sucrose  or  other  car- 

1  previously  described.  These  productsTr^ 

id  retain  a  high  degree  of  the  em.  If-  ^  i  *‘'’”''00  'nore  easily 
the  cookie  industry.  The  reactio..  l.„i  ’  ^  widespread  use 

"■ «  . . 2':,:; 
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at  room  temperature.  Since  1950  carbohydrates  otlier  than  sucrose  de¬ 
rived  from  com  products  liave  gained  favor  by  greatly  increasing  the  shelf 
life.  Corn  svrup  derivatives  with  D.  E.  from  24  to  60  are  commonly 
employed  in  the  egg  industry  at  a  final  concentration  in  the  egg  solids  of 
from  20  to  30  per  cent. 


Standard  Egg  Yolk  Solids 

This  product  is  used  in  layer  cakes,  doughnuts,  sweet  doughs,  eookies 
and  most  other  applications  where  liquid  yolk  would  be  used  in  baked 
goods.  Egg  yolk  solids  do  not  retain  all  of  the  leavening,  foaming  or 
emulsifying  ability  of  fresh  or  frozen  egg  \mlk  and  so  are  not  recom¬ 
mended  for  use  in  sponge  type  mixes  unless  special  formulations  are 
employed.  Egg  yolk  solids  are  used  where  a  rieh  natural  egg  eolor  and 
flavor  are  desired.  The  most  widespread  use  of  egg  yolk  solids  at  the 
present  time  is  in  institutional  doughnut  mixes,  but  they  are  finding  in¬ 
creasing  use  in  the  bakerv.  One  pound  of  egg  yolk  and  one  and  one- 
(luarter  pounds  of  water  are  equivalent  to  liquid  yolk.  It  is  generally 
recommended  that  this  product  be  held  under  refrigeration. 


Stabilized  Egg  Yolk  Solids 

Ydditional  shelf  life  can  be  obtained  by  the  removal  of  glueose  as  ini 
the  ease  with  whole  eggs.  The  product  can  he  used  for  the  same  apphca-- 
tions  as  regular  egg  yolk.  It  is  e.xpected  that  the  use  of  tins  product  vv.1 
increase  compared  to  the  standard  product.  Cold  storage  is  neec  ec  o. 
this  product  only  in  the  hot  summer  months. 

Egg  White  Solids 

Egg  white  solids  can  be  used  in  any  application 
white  has  bee,,  employed.  Greatest  savh.gs  have  ^ 

angel  food  cakes  because  of  reduction  of  scahng  V 

other  major  source  of  waste. 


formulation 

According  to  recognized  baking  product.': 

at  least  six  functions  performed  ry  gg  ;  (2)  leavenin. 

Generally  these  are  listed  as  ^  and  (6)  nutritiv' 

action;  (3)  emulsifying  action,  (  )  >  (  ije„tieal  to  those  c 

value.  While  the  basic  ^«£;;^;;',,ave  been  “built  in”  ep 

frozen  eggs,  in  many  cases  sPecu  products  cannot  be  obtainer 

solids  and  the  maximum  value  of  these  p. 
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Iwithout  minor  clianges  in  formulation  and  mixing  techniciues.  Ibis  is 
jj)articularlv  true  in  tlie  case  of  l)lencls  of  egg  and  other  ingredients  de- 
jsigned  to  fulfill  special  functions  and  may  seem  to  he  an  inconvenience 
Ho  the  busy  baker  to  take  time  to  reformulate.  It  has  been  demonstrated. 


diovvever,  in  many  instances  that  the  time  and  trouble  is  amply  rewarded 
by  savings  in  ingredient  and  production  handling  costs.  Most  egg  solids 
imanufacturers  can  supply  technical  service  personnel  to  assist  in  the 
r  form u  1  a  read] u s tin en t s . 

1  Forsythe  and  Miyahara  ( 1959)  have  reviewed  the  problems  of  formula- 
jtion  when  new  egg  ingredients  are  employed.  Since  in  many  ways  egg 
isolids  are  new  ingredients  the  following  suggestions  should  be  kept  in 
•jinind:  ( 1)  the  weight  of  the  sugar  should  exceed  the  weight  of  the  flour; 
^(2)  the  weight  of  the  total  liquid  should  equal  or  slightly  exceed  the 
tlweight  of  the  sugar;  (3)  in  pound  or  layer  cakes,  the  weight  of  the  egg 
hoUds  (whole  egg  or  yolk  enriched  whole  egg)  should  approximate  one- 
):|quarter  of  the  weight  of  the  shortening;  and  ( 4 )  in  white  cake  the  weight 
of  the  egg  tchife  solids  should  exceed  one-tenth  of  the  weight  of  the 
ishortening. 

?  Sugar,  shortening,  leavening  agents  and  liquid  or  frozen  whole  egg  or 
fyolk  products  are  commonly  accepted  as  tenderizing  agents  in  cakes. 
Jf  at-containing  egg  solids  contribute  more  tenderizing  action  than  the 
Ijsimilai  type  of  liquid  egg  because  of  the  state  of  the  emidsion  effected  by 
r-homogenizing  prior  to  and  during  the  drying  operation.  Egg  yolk  solids 
^tenderize  more  than  whole  egg,  while  egg  whites  actually  act  as  a 
iitoughening  agent,  hence  in  the  use  of  blends  care  must  be  taken  to  ex- 


■amine  the  relative  proportion  of  yolk,  whole  egg  and  whites.  Toughness 
lis  also  contributed  by  flour  and  milk  solids,  and  proper  balance  may  mean 
lia  slight  increase  in  one  of  these  ingredients. 

<  Sugar,  liquids  and  eggs  generally  contribute  to  the  moistness  of  the 
ilbaked  goods  but  due  to  the  “protein  bound”  water,  egg  solids  are  slightly 
dess  effective  than  liquid  eggs  and  proper  formula  balance  mav  indicate 
Ireducing  milk  solids  or  flour  or  increasing  sugar  or  water 

1  The  leavening  action  of  wliole  egg  and  yolk  solids  is  reduced  slightly 
■in  some  cases  and  should  be  adjusted  for  by  increasing  leavening  abou’t 

i™himr'‘"'  """"" 

Probably  the  best  way  to  illustrate  the  above  formula  balancing  re- 
Kiuirements  would  be  to  cite  the  example  of  replacing  liquid  whole  egg 
■in  a  retail  yellow  cake  formula  with  a  fortified  whole  egg  (about  60 

It  should  be  pointed  out  that  the  amount  of  milk  sohVk  Iv...  I 

. . .  -.".si. . . 's 
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dicated  some  slirinkage  on  cooling.  For  the  same  reason,  and  also  liecause 
of  excessive  tenderness  in  test  bakes,  the  leavening  was  reduced.  In  tliis 
instance  a  slight  loss  in  volume  was  experienced  but  the  baker  felt  that 
the  other  characteristics  were  of  greater  importance  and  made  an  over-all 
“better  cake”  for  him.  Over-mixing  may  be  a  definite  problem  unless 


Table  58 

COMPARISON  OF  FORMULA  AND  MIXING  INSTRUCTIONS  FOR  LIQUID  EGG  AND  EGG  SOLIDS  IN 

RETAIL  YELLOW  CAKE 


Flour  Flour 

Weight  Weight 

Basis,  Basis, 

Liquid  Egg  Mixing  Per  cent  Ingredient  Per  cent 


Place  shortening  in  100  Flour  100 

bowl  and  dry  in-  140  Granulated  sugar  140 

gredients  on  top.  10  N.  F.  milk  solids  12 

Blend  2  min.  at  low  6.25  Baking  powder  5.25 

speed.  .Kdd  water,  3.75  Salt  3.75 

mix  for  6  min.  55  Shortening  55 

Scrape  down  to  50  Water  80 

prev'ent  lumps. 


Egg  Solids  Mixing 

Blend  all  dry  ingredients 
on  low  speed  for  2  min. 
Add  shortening,  mix  V2 
min.  or  until  fat  is  size  of 
“marbles.”  Immedi¬ 
ately  add  1st  water,  mix 
for  5  min.  on  2nd  speed 
(of  3-speed  mixer). 


Stir  eggs  and  water  to¬ 
gether,  add  in  three 
equal  portions.  When 
all  liquid  is  added, 
finish  at  low  speed 
for  5  min. 


60 


45 


Liquid 

whole 

eggs 


Fortified 

whole 

egg 

solids 


Water 


15 

60 


.•\dd  2nd  water  in  two 
parts,  scraping  down 
after  each  addition.  Mix 
in  1st  speed  for  total  of  5 
min.  Do  not  over-mix. 


creaming  and  mixing  techniques  are  modified  as  egg  solids,  being  already 
homogenized  and  in  a  fine  state  of  emulsification  can  be  mixed  moie 
rapidly.  It  will  be  obvious  to  the  experienced  baking  teclniologist  . 
thfs  ilLtratioii  will  not  fit  every  bakery  and  should  only  be  used  as  . 

the  case  of  egg  white  solids  used  in  angel 
meringues  and  cheese  cakes,  where  the  egg  white  “  ^ 

beaten  and  other  ingredients  folded  in,  again  some  lormiila  balanci  g 
be  required  to  obtain  maximum  performance  at  minimum  c  .  . 

made  with  frozen  white.s  and  t  le  meringue  can  difference  be- 

. 
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ance  and  this  is  easily  adjusted  for  in  the  formula  by  reducing  the  bak¬ 
ing  acid  by  about  50  per  cent.  For  optimum  beating  performance  the 
pH  of  a  meringue  should  be  between  6.5  and  7.0,  whereas  for  optimum 
cake  volume  the  pH  of  the  batter  should  be  between  5.0  and  6.0  where 
heat  denaturation  is  more  rapid.  The  egg  white  solids  should  always  be 
dry-mixed  with  a  portion  of  the  sugar  to  avoid  “splash-out”  during  the 
early  stages  of  beating.  Many  users  have  found  it  desirable  to  replace 
up  to  50  per  cent  of  the  flour  with  suitable  wheat  or  corn  starch  to  give  a 
batter  much  less  susceptible  to  mishandling  in  the  bakery,  a  larger  volume 
cake,  a  finer  texture  and  one  which  gives  better  eating  quality  in  the 
finished  product.  This  is  true  for  both  frozen  whites  and  egg  white  solids, 
but  is  a  particularly  desirable  combination  for  the  solids. 

In  general,  egg  solids  should  not  be  reconstituted  with  water  alone  as 
this  step  is  unnecessary  with  the  very  soluble  products  on  the  market 
today.  The  most  satisfactory  way  to  handle  all  egg  solids  is  to  blend  or 
sift  with  the  other  dry  ingredients.  After  formula  balancing  of  the  type 
illustrated  above  and  appropriate  modifications  in  mixing  technique,  egg 
solids  have  proved  to  give  savings  in  cost  of  production  mostly  due  to 
elimination  of  waste  of  ingredients  and  savings  in  shop  labor. 


TESTING  EGG  PRODUCTS 

One  of  the  greatest  needs  in  the  field  of  quality  control  and  the  promul¬ 
gation  of  adequate  purchase  specifications  for  all  egg  products  is  better 
standardizing  of  laboratory  test  methods.  As  will  be  indicated  below, 
some  methods  are  available  but  are  not  applicable  to  the  baking  tech¬ 
nologist’s  needs  as  the  interpretation  of  the  results  does  not  give  an 
accurirte  picture  of  the  product’s  functional  performance.  This  is  the 
case  due  to  the  fact  that  eggs  are  used  in  such  a  wide  varietv  of  products 
that  functional  testing  by  the  manufacturer  has  not  been  practical 
The  Institute  of  American  Poultry  Industries  maintains  a  laboratorv  for 
he  benefit  of  its  members  and  customers  of  the  egg  industry  in  which  all 
routine  tests  can  be  carried  out.  Another  function  of  the  Institute  is  to 
supply  standard  test  methods  for  the  producers  and  users  of  egg  products 

methods  that  are  published  in  the  scientific  journals. 

Sensory  Tests 

snl,rf  7  •  '  "-''apter  to  review  tliese 

si.ler..<l'7Lrci!lr7"Kl'’,''rr'"r'n  . 

proclucts.  This  test  is  as  follows:  ^ I'ldostry  for  whole  egg 
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Reconstitute  30  grains  of  vvliole  egg  solids  completely  with  90  ml.  distilled  water 
in  400  ml.  pyrex  beaker.  Place  beaker  in  gently  boiling  water  and  stir  at  in¬ 
tervals  while  coagulation  takes  place.  When  coagulated  to  the  consistency 
of  scrambled  eggs,  the  sample  is  ready  for  the  palatability  test.  Good  quality 
reconstituted  egg  powder,  fresh  shell  eggs  and  storage  .shell  eggs  when  avail¬ 
able  should  be  served  periodically  as  a  reference  standard. 


PALATABILITY  SCORES 


Score 

Description  of  Quality 

8 

No  detectable  off  flavor,  comparable  to  high  quality  fresh  shell  egg 

7'A 

Very  slight  off  flavor 

7 

Slight  but  not  unpleasant  off  flavor 

6>/.. 

Definite  but  not  unpleasant  off  flavor 

6 

Pronounced  off  flavor  (slightly  unpleasant) 

5 

Unpleasant  off  flavor 

4 

Definite  unpleasant  off  flavor 

3 

Pronounced  unpleasant  off  flavor 

2 

Repulsive  flavor 

1 

Definite  repubive  flavor 

0 

Pronounced  repulsive  flavor 

Physical  and  Chemical  Tests 

All  of  the  usual  chemical  tests  applied  to  food  products,  such  as  mois- 
fat,  protein,  ash.  etc.,  are  n.sed  to  evalnate  eggs  and  the  methods 
employed  are  tliose  ontlined  in  the  8th  edition  of  the  AOAC  Official 
Methods  of  Analysis”  (Anon.  19.5.5).  Tests  of  a  more  specialized  nature 
or  as  adapted  by  cereal  chemists  for  their  particular  needs  can  be  f"""' 
in  -‘Cereal  Laboratory  Methods”  (Anon.  1957).  A  nnmber  o  addi  lonal 
tests  are  not  considered  official  lint  are  used  commonly  in  the  mdnstry 
for  evaluation.  The  most  important  of  these  is  the  standau  wiip 
for  frozen  or  dried  egg  whites.  These  tests  are  as  follows: 

Whip  Test  for  Li.p.id  Egg  White.-Altlaingli  tl.  wi 

"'lb:  -U 

Report  whip  iu  inches.  n.-ccnlve  43  tim  of  dried  albumen  in  430 

rc:/™  . . . -  ' 

. . . ;  .1- 

'’"’'til’  't'attit'Ilm  tietL'id  enip^  aovelopcd  by  the 
has  been  aware  of  the  lact  tliat  „n«itisf  ictorv  This  was  due 

National  Egg  Products  Association,  was  nnsatisfactoiy. 
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primarily  to  tlie  fact  tliat  an  artificial  standard  of  potassium  dichromate 
was  used  in  place  of  the  true  color  reference.  The  Institute,  through  its 
Research  Council,  has  developed  a  procedure  for  the  determination  ol 
color  in  which  results  are  reported  as  parts  per  million  of  /:^-carotene  m 
the  egg  rather  than  the  old  artificial  “NEPA”  color  grades.  This  new 
method  is  receiving  acceptance,  although  there  has  been  a  reluctance  on 
the  part  of  the  trade  to  change  from  the  old  procedure  due  to  its  common 
usage.  The  method  given  below  has  been  subjected  to  collaborative 
testing  (Forsythe  1958). 


Method  for  Determination  of  Color.— Preparation  of  Standard  Carotene 
Solution: 

Prepare  solutions  containing  0.5,  1.0,  2.0,  3.0,  4.0,  and  5.0  mmg  ^-carotene 
per  ml.  by  weighing  0.24,  0.50,  1.0,  1.5,  2.0  and  2.5  gm.  standard  0.05  per 
cent  j8-carotene  in  oil  solution  into  a  series  of  250  ml.  volumetric  flasks,  and 
diluting  to  volume  with  acetone.  Solutions  are  stable  at  least  one  week  in  the 
dark.  Equivalent  amounts  of  standard  ^-carotene  solution  of  different  strengths 
may  be  used.  Standard  ^-carotene  solution  in  oil  may  be  obtained  from 
Vitamin  Division,  Hoffman-LaRoche,  Nutley,  N.  J. 

Preparation  of  a  Standard  Curve.— Determine  the  absorbance  of  diluted 
standard  solutions  as  soon  as  possible  using  a  spectrophotometer  set  at  450  mix 
or  an  instrument  having  a  suitable  filter  system  such  as  the  Klett  photometer 
with  No.  44  filter,  Evelyn  photoelectric  colorimeter  with  440  filter,  or  Cenco- 
Sanford-Sheard  photometer,  Industrial  type  B-2  with  410  filter.  Plot  mmg 
/^-carotene  against  per  cent  transmittance,  omitting  values  greater  than  90  per 
cent  or  less  than  ten  per  cent,  on  semilog  paper  or  against  ahsorhance  on  plain 
coordinate  paper. 

Determination.— Weigh  out  a  sample  containing  about  one  gram  of  egg  yolk 
solids  (1  gm.  dried  yolk,  2.5  gm.  liquid  yolk,  or  5.0  gm.  liquid  whole  egg)  into 
a  150  ml.  beaker.  Add  about  2.5  ml.  acetone  and  stir  to  break  up  the  lumps. 
Add  about  2.5  ml.  water  before  the  acetone  to  products  containing  sugar  or 
salt.  Wash  material  onto  Whatman  No.  4  filter  paper  or  equivalent  with 
successive  small  portions  of  acetone,  catching  the  filtrate  in  glass-stoppered 
100  ml.  volumeti'ic  flask.  Dilute  to  volume  with  acetone.  Determine  per 
cent  transmittance  or  absorbance  as  soon  as  possible.  Calculate  mmg  R-cmo- 
tene  per  gram  of  sample.  ^ 

Insoluble  Matter.-The  presence  of  insoluble  matter  is  of  considerable 

importance  to  most  users  of  egg  products  and  the  following  tests  are 
employed: 


Stuart’s  Solubility  Method.-Add  1.5  gm.  of  dried  whole  egg  powder  to  50 
ml.  ot  d,sd,ll«l  water  at  Tpo  to  75°F.  in  a  suitable  size  flask.  Shake  the  con¬ 
fer  30  “  s^iKtk 

ur  tp?ni‘'TL  Wf 

a  15  ml.  tapered  centrifuge  tube,  graduated  in'o.l  ml.  subdSms.'^  Q  fiv'; 
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ml.  ot  O.L  Molar  sodium  acetate  huller^  pH  4.6  and  sufficient  distilled  water 
to  bring  the  contents  to  a  final  volume  of  15  ml.-  Transfer  the  tube  to  a  boil¬ 
ing  water  bath  for  two  minutes.  Cool  the  tube  and  centrifuge  at  about  2()()() 
r.p.m.  for  6  minutes.  Head  the  volume  of  centrifuged  precipitate  to  the 
nearest  0.1  ml.  graduation  and  record  this  reading  as  the  Stuart  Solubility 
Index.” 

Per  cent  of  Dried  Albumen  in  Aqueous  Solution.— Transfer  1.5  gram  sample 
to  15  ml.  centrifuge  tube  containing  about  5  ml.  distilled  water.^  Add  5  ml. 
distilled  water  and  allow  albumen  to  reconstitute  completely  with  occasional 
stirring.  Fill  to  mark,  remove  and  wash  stirring  rod  in  piocess.  Centiifuge 
at  2000  r.p.m.  for  20  minutes.  Pour  off  supernatant  liquid  and  remix  in¬ 
solubles  with  additional  distilled  water.  Fill  to  mark  and  centiifuge.  Poui 
off  supernatant  liquid  and  wash  insoluble  matter  into  tared  aluminum  moisture 
dish  and  dry  at  221°  to  225° F.  Cool  and  weigh.  Calculate  and  report  as  per 
cent  insolubles  in  the  dried  product. 

One  of  the  most  important  factors  in  alimentary  pastes  and  products 
such  as  egg  nog  is  the  actual  content  of  egg  included  in  these  products. 
Swanson  ( 1957 )  includes  a  method  for  the  analysis  of  the  egg  content 
of  macaroni  products  by  the  determination  of  the  cholesterol  content 
which  with  appropriate  factors  can  be  converted  to  egg  content.  The 
determination  of  lipid  phosphorus  is  used  to  determine  the  egg  content  of 
egonog  type  products.  Both  of  these  tests,  since  they  employ  arbitrary 
conversion  factors,  are  not  too  satisfactory  but  better  techniques  have  not 
been  developed. 


Microbiological  Tests 

While  in  the  past  the  baking  industry  has  had  little  concern  for  the 
bacteriological  qualities  of  the  egg  product,  during  the  past  decade  th 
more  progressive  baking  technologists  have  insisted  on  bacteriologica 
specifiLations.  All  of  the  usual  bacteriologicaymralyses  carried  out  as 
draeribed  in  the  “Official  Methods  of  Analysis  (Anon.  1955) 

Dltermination  of  Salmonella.-A  method  for  tUe  enumera  imi  sab 
Ho  Iv,^  been  devised  by  a  research  committee  of  the  Institute  o 
Americ;.!,  ‘poultry  Industries  and.  although  not  available  in  published 

salmonella  I^'cbsely  related  to  the  coliform  group  but  differ  in 


-The-biilfer  .soli, lion  is  prepared  by  eoiubinin.  ^  t  C-- 

98  ml.  of  0.1  N  sodium  acetate.  il>e  pii 

''''»ltl.“per  cent  NaCI  .soluti„n  may  '’7  "f’f 

latioii  is  not  complete  at  the  T's.  Stuart  dated  February  I8th,  1943, 

-:!r:hi:^‘!: s "  tl'r  ia~  and  .0. 

‘  In  the  case  of  powdered  alhumui,  >  ‘  Several  drops  of  octylf 

illcow’ar:  to  inhlnt  fuming  during  recsmstitution. 
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that  they  (salmonella)  do  not  fennent  lactose  and  sucrose.  Like  the 
L'oliforins  they  are  gram  negative,  non-spore  fonning  rods. 

Materials  and  Apparatus.— 

( 1 )  six-  to  eight-ounce  wide-mouth  bottles 

(2)  screw  cap  (50  x  150  mm.)  tubes 

(3)  wire  racks  for  tubes 

( 4 )  Petri  dishes 

(5)  salmonella  polyvalent  antisera 

(6)  selenite  broth  (or  tetrathionate  broth) 

( 7 )  bismuth  sulfite  agar 

(8)  brilliant  green  agar 

(9)  triple  sugar  iron  agar 
Presumptive^  Procedure. — 

(1)  Weigh  into  each  of  three  6-oz.  wide-mouth  bottles,  10  gm.  of  sample 
and  mark  these  three  bottles  “A.” 

(2)  Weigh  into  eaeh  of  three  6-oz.  wide-mouth  bottles  1  gm.  of  sample  and 
mark  these  bottles  “B.” 

(3)  Weigh  into  each  of  three  tubes  0.1  gm.  of  sample.  If  smaller  samples 
are  needed,  prepare  them  from  dilution  as  follows: 


(a)  1  gm.  sample  —  99  ml.  H.^O  1  ml. 

( b )  11  ml.  of  ( 1 )  -  99  ml.  H.“o  1  ml. 

(c)  11  ml.  of  (2)  -  99  ml.  HoO  1  ml. 


0.01/gm. 

0.001/gm. 

0.0001/gm. 


(5) 

(6) 


(4)  Add  to  the  bottles  containing  the  “A”  and  “B”  series  99  ml.  of  selenite 
broth  and  to  the  remaining  samples  in  the  tubes  10  ml.  of  broth  (for 
preparation  of  media  follow  manufacturer’s  instructions). 

Incubate  the  enrichments  at  99°F.  for  18  to  24  hours. 

After  incubation  of  the  enriched  samples,  invert  to  thoroughly  mix  the 
samples. 

(7)  Stieak  a  loopful  of  each  of  the  samples  on  prepared  plates  of  brilliant 
gj-een  agar  (B.G.A.)  and  bismuth  sulfite  agar  (B.S.A.).  Prepare  these 
plates  from  dehydrated  media  (BBL)  following  the  instruetions  on  the 

bottle  each  plate  may  be  marked  into  three  sectors  and  one  sector  used 
for  each  sample ) . 

Incubate  the  B.G.A.  plates  for  24  hours  at  99°F.  Any  negative  B  S  A 
should  be  incubated  for  an  additional  24  hours. 

Pick  from  these  plates  two  or  three  suspicious  well  isolated  colonies  and 
to  triple  sugar  iron  agar  slants.  Incubate  18  to  24  hours 

^  cfclrM  throughout  the  medium  are 

ciscaided  Slants  that  exhibit  a  typical  acid  butt  with  or  without  eas 

and/"  ‘l  slant  are  checked  by  use  of  Salmonella  polyvalent  serum 

and/or  by  susceptibility  to  the  0-1  type  bacteriophage  as  oX^lThy 

ollowed:  method  the  following  procedure  is 

-^thod  adopted  by  the  Institute  of 


(B) 

(9} 
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( 1 )  A  clean  slide  is  placed  on  a  horizontal  colony  counter  or  a  specially  con¬ 
structed  box  with  a  glass  top  and  an  indirect  source  of  light. 

(2)  Dilute  the  commercial  polyvalent  sera  (Lederle)  1:3  with  saline. 

(3)  Place  one  drop  of  saline  on  the  slide. 

(4)  Place  one  drop  of  diluted  antiserum  on  the  slide  near  the  saline  drop. 

(5)  With  a  sterile  loop  transfer  some  of  the  growth  from  the  triple  sugar  slants 
to  the  saline  and  mix. 

(6)  With  the  loop  connect  the  saline  culture  mixture  with  the  antiserum  and 
mix. 

(7)  A  salmonella  should  show  agglutination  within  30  seconds. 

If  the  tube  method  is  used  add  one  drop  of  serum  to  the  saline-culture 
suspension  in  10x75  mm.  tube — tilt  tube  and  allow  to  lun  back  down  side 
of  tube  and  read  in  indirect  light  for  agglutination. 

Calculation  of  Most  Probable  Numbers.-When  the  suspicious  Salmonella 
colonies  are  tested  with  the  antisera  and  a  positive  reaction  occurs  the  Pjbes  and 
plates  are  considered  positive  for  Salmonella.  This  information  is  used  in  deter¬ 
mining  the  most  probable  number  of  Salmonella  per  gram  of  sample. 

( 1 )  Determine  the  number  of  positive  tubes  in  each  of  the  series  of  enrichment 

tubes.  ,  r 

(2)  Consult  the  MPN  (Anon.  1934)  and  report  as  number  of  organisms  pei 

‘^lOO  g. 

Functional  Tests 

As  indicated  above,  no  satisfactory  functional  tests  have  been  developed 
or  standardized  throughor.t  the  industry.  It  has  been  necessary  to  rely 
on  actLud  performance  in  the  finished  products  produced  by  ‘he 
The  extenLve  work  that  has  been  carried  or.t  in  connect, on  w. th  the 
functional  performance  of  flour  and  non-fat  dry  milk  sohds  has  no  bee, 
!:^,Ued  satbfactorily  to  egg  products.  The  variety  of  fo^u  as  to 

liked  goods  and  the  small  quantity  of  egg  used  most  of  them  . 
made  develop,ne„t  of  standardized  techniques  ve,y  d,ff,cult. 
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CHAPTER  8 


Samuel  A.  Matz 


Minor  Ingredients 


In  this  chapter,  the  ingredients  which  are  used  in  relatively  small  quan- 
ities  in  bakerv  foods  will  be  discussed.  It  is  only  in  the  sense  of  quantity 
hat  they  are  “minor”  components.  In  terms  of  their  effects  on  the  sensory 
qualities  and  physical  characteristics  of  the  product,  they  are  frequently 
piite  important  ingredients— even  indispensable. 

Chemical  leavening  agents,  although  they  might  be  considered  to  fall 
vithin  the  scope  of  this  chapter,  have  been  discussed  in  the  chapter  on 
ormulations  and  procedures  for  chemically  leavened  bakery  products, 
t  was  felt  that  continuity  would  be  better  served  by  this  arrangement. 

Some  flavoring  and  coloring  ingredients,  such  as  citrus  oils  and  ex- 
racts,  vanilla,  nuts  and  nut  pastes,  crystallized  fruits,  and  food  coloring 
)reparations,  and  some  substances  used  for  their  texture  influencing 
)roperties,  e.g.,  seaplant  extractives,  modified  starches,  and  gelatin,  are 
lot  discussed  here  because  of  space  limitations.  References  to  extensive 
reatises  on  some  of  these  materials  are  given  in  the  bibliography  at  the 
‘nd  of  the  chapter.  Salt  is  discussed  in  the  chapters  on  water  and  on 
'east. 


MALT  PRODUCTS 


Malt  is  piepared  from  a  cereal  grain,  usually  barley,  by  moistening  it 
vith  water,  allowing  it  to  sprout  under  controlled  conditions,  and  then 
Irving  it  at  elevated  temperatures.  Witt  (1959)  lias  given  a  detailed 
ccount  of  its  manufacture.  The  natural  processes  accompanying  sprout- 
ng  create  or  release  in  active  form  large  quantities  of  enzvnies  and  change 
he  constituents  of  the  grain  in  many  ways.  The  greatest  consumption  of 

■nalt  IS  by  the  alcoholic  beverage  industries,  but  considerable  quantities 
re  used  in  milling  and  baking. 

-Malt  products  available  to  the  baker  may  convenientlv  be  classified  as 
lalt  flour  malt  syrup,  or  dried  malt  syrup.  Each  of  these  categories 
ay  be  further  subdivided  into  diastatic  and  non-diastatic  products. 

xt  ictr^ytl  Wrups  are  concentrated  water 

X  acts  of  the  gram,  and  dneil  malt  syrups  are  derived  from  their  liquid 

ouuterparts  by  removing  most  of  the  moisture  at  elevated  temperatures 
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Non-cliastatic  Malt 

Non-diastatic  malt  products  have  been  subjected  to  temperatures  high 
enough  to  inactivate  substantially  all  of  the  amylolytic  or  starch-digesting 
enzvmes  present  in  the  sprouted  grain.  These  malts  are  used  principally 
to  impart  flavor  and  color  to  baked  products.  They  also  have  some 
effect  on  texture  and  supplv  fermentable  carbohydrates  and  other  nutrients 
to  the  yeast. 

Non-diastatic  malt  products  are  high  in  sugars  and  low  molecular 
weight  dextrins  which  have  been  more  or  less  caramelized  by  the  high 
temperature  processing  which  they  have  received.  Consequently  they 
can  contribute  a  detectable  amount  of  sweetness  to  products  in  which 
they  are  used.  In  addition,  there  is  a  peculiar  and  characteristic  flavoi  to 
malt  products  which  many  people  find  very  desirable.  The  use  of  malt 
in  malted  milk  is  a  clear  indication  that  there  is  a  true  liking  foi  malt 
flavor  in  a  large  segment  of  the  population.  The  color  changes  accom¬ 
panying  the  caramelization  and  other  non-enzymatic  browning  reactions 
which  result  from  the  high  temperature  processing  make  the  product 
valuable  as  a  coloring  agent.  It  is  frequently  used  to  add  color  to  dark 
r\'e  breads  and  whole  wheat  breads.  Special  dietary  breads  may  also 
make  use  of  this  property.  On  the  other  hand,  use  of  high  roasted  malts 
in  white  bread  is  definitely  limited  by  the  darkening  which  is  observet 

with  moderate  additions.  . 

noth  cUastatic  and  non-diastatic  malt  contain  considerable  quantities  ot 

sugars  including  maltose,  a  disaceharide  which  is  fermented  by  bakers 
veast  late  in  tl!;  bread  making  process  when  glucose  and  fructose  a 
absent  and  glucose,  a  monosaccharide  which  is  used  very  rapic  y 
fermenting  yeast.  If  a  dough  does  not  contain  maltose,  the  other  feiment 
d  ars  mav  be  exhausted  before  the  period  of  pan  proof  a  aitica 

e  when  sustained  gassing  power  is  necessary  in  order  to  l-^-e  - 
havinc  good  volume.  If  maltose  is  present  m  the  dough  either  mitiali) 
i  thrLgh  the  action  ot  amviolytic  enzymes,  the  monosaccharides  glucose 

ii:rr:::-d:::.gr;s 

adjusted.  zlmurlis  One  method  is  to 

There  are  two  ways  ot  getting  maltos.  '  "  '  n.  rely 

:l;V:;:<Ticth:n‘';d  slarcl,  by  dlastatlc  euzymes. 

The  latter  approach  is  discussed  in  the  next  section. 
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Malt  is  fairly  high  in  vitamins  and  essential  amino  acids  and  so  is  a 
nutritionally  valuable  additive.  Table  59  gives  a  complete  breakdown 
of  the  nutritive  properties  of  malt  flonr.  Malt  syrup  contains  60  to  65  per 
cent  carbohydrate,  5.5  to  6  per  cent  protein,  1.5  per  cent  ash  and  20  to  25 
per  cent  moisture. 

The  minerals  and  low  molecular  weight  nitrogenous  compounds  present 
in  malt  are  said  to  be  useful  as  yeast  “nutrients.” 


Diastatic  Malt 

Diastatic  malt  products  differ  from  their  non-diastatic  counterparts  in 
having  considerable  enzymatic  activity.  The  malted  grain  from  which 
these  products  are  derived  is  a  veritable  storehouse  of  enzymes,  most  of 
which  have  never  been  adequately  investigated,  but  the  only  two  types 
which  are  of  importance  to  the  baker  are  the  proteolytic  enzymes  and 
the  amylolytic  enzymes.  The  latter  group,  comprising  the  “diastase”  of 
the  older  writers,  contains  at  least  two  different  enzymes,  commonly  de¬ 
signated  alpha-amylase  or  the  dextrinizing  enzyme,  and  beta-amylase 
(R'  the  saccharifying  enzymes.  Alpha-amylase  splits  the  starch  molecule 
at  random  points,  forming  smaller  molecules  of  widely  varying  size. 
The  net  effect  of  this  enzyme  is  to  reduce  the  viscositv  of  susceptible 
starch  suspensions  with  the  production  of  relatively  small  amounts  of 
fermentable  sugars.  End  products  of  the  reaction  are  chiefly  dextrins 
( compounds  containing  several  glucose  residues )  which  cannot  be  used 
by  bakers’  yeast.  There  is  some  doubt  that  the  amounts  of  alpha-amylase 
normally  encountered  in  sound  flour  have  any  significant  effect  on  its 
baking  properties  in  the  absence  of  native  or  added  beta-amylase. 

The  action  of  beta-amylase  on  starch  results  in  the  production  of  maltose 
by  the  progressive  release  of  tenninal  sugar  residues  from  the  starch 
molecule.  This  enzyme  cannot  attack  the  starch  molecule  inside  the 
points  at  which  it  is  branched,  and  so  a  residue  of  limit  dextrin  of  high 
molecular  weight  remains.  These  limit  dextrins  cannot  be  fermented,  but 
they  are  customarily  produced  in  smaller  amounts  than  the  dextrin's  re¬ 
sulting  from  the  action  of  alpha-amylase. 

WI.en  the  tw<,  types  of  amylases  act  in  conjunction,  a  much  greater 
conversion  of  starch  into  fermentable  sugars  results  than  when  either  of 

liaItTT  f  between  the  branch  points  which 

1  a  t  hydrolysis  by  beta-amylase.  The  new  end  groups  exposed  by  this 

si'b|ect  to  attack  by  beta-amylase.  As  a  result  the  amount 
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Table  59 

THE  COMPOSITION  OF  BARLEY  MALT  FLOUR* 


General  Analysis 
Protein 
Fat 
Ash 
Fiber 

Nitrogen  free  extract 
Composition  of  Fat 
Stearic  acid 
Oleic  acid 
Palmitic 
Linoleic 
Idnolenic 
Vitamin  Content 
Biotin 
Niacin 

Pantothenic  acid 

Pyridoxin 

Riboflavin 

Thiamin 

Choline 

Inositol 

Essential  Amino  Acid  Content 
Arginine 
Histidine 
Isoleucinc 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 

Mineral  Content 
Aluminum 
Calcium 
Copper 
Fluorine 
Iodine 
Iron 

Magnesium 

Manganese 

Nickel 

Phosphorus 

Potassium 

Silicon 

Sodium 

Sulfur 

Zinc 


11  .  5  to  1 4 . 5  per  cent 
1  .5  to  2.5 
2.0  to  3.0 
2.0  to  6.0 
68.0  to  74.0 

5.10  per  cent  of  total  fat 

16.40 
8.20 

49.40 
0.82 

0 . 1  mg.  per  lb. 

41  .  to  68 
2.0  to  7.8 
2.7  to  3.6 

0 . 9  to  1 . 8 
1 . 3  to  1 . 6 
Present 
Present 


0 . 65  per  cent  of  malt 
0.29 
0.52 
0.81 
0.49 
0.18 
0.62 
0.43 
0.22 
0.70 


2  to  9  p.p.m. 

0.08  to  0.13  per  cent 
4  to  12  p.p.m. 

9  to  12  p.p.m. 

0.07  p.p.m. 

20  to  50  p.p.m. 

0 . 1 0  to  0 . 1 9  per  cent 

10  to  18  p.p.m. 

0.34  p.p.m. 

0 . 30  to  0 . 50  per  cent 
0 . 30  per  cent 
0 . 20  to  0 . 90  per  cent 
0.30  p.p.m. 

0 . 1 3  to  0 . 22  per  cent 
16  to  20  p.p.m. 


•  Courtesy  Froedtert  Mailing  Co. 

relatively  complete  conversion  of  .starch  to 

the  action  of  malt,  is  a  consequence  of  development  in  unsup- 

1, eta-amylase.  Conversely,  the  s  ow  rate  of  ^^X-ienev  of  these 

plemente.1  Hour  suspensions  or  doughs  results  horn  a  dchc.c,  , 

enzymes  and  particularly  of  beta-amy  ase.  granules  is  very 

Tire  action  of  beta-amylase  on  undamaged  g 
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slow.  Alplia-amyla.sc  does  attack  the  undamaged  (no  visilile  damage) 
starch  grannies  at  an  appreciable  rate.  Both  enzymes  attack  gelatinized 
starch  very  rapidly,  but  this  reaction  cannot  be  of  much  importance  in 
the  liread-making  process  because  the  starch  in  dough  does  not  become 
gelatinized  until  virtually  all  of  the  enzyme  activity  has  been  destroyed 
by  heat.  Starch  granules  which  have  been  mechanically  damaged  during 
milling  are  also  broken  down  by  both  alpha-  and  beta-amylase.  Perhaps 
3  to  4  per  cent  of  the  starch  granules  in  a  hard  wheat  flour  sample  are 
visibly  damaged.  This  mechanical  damage  is  due  to  shearing  forces  and 
pressures  exerted  during  the  milling  of  the  grain  on  the  granules  and  on 
the  endosperm  matrix  containing  the  granules.  Consequently,  the  pro¬ 
portion  of  damaged  granules  is  a  function  of  the  milling  conditions,  and 
may  vary  not  only  from  mill  to  mill,  but  also  between  flours  of  different 
extractions.  However,  flours  of  similar  extraction  made  from  the  same 
types  of  wheat  and  made  at  the  same  mill  should  have  a  rather  constant 
proportion  of  damaged  granules. 


The  capacity  of  malt  to  convert  starch  to  reducing  substances  (“mal¬ 
tose”)  can  be  expressed  as  the  Lintner  value,  °L.,  or  as  maltose  equiv¬ 
alent.  When  tested  by  the  standard  procedure  (Anon.  1957A),  degrees 
Lintnei  equal  about  one-fourth  of  the  maltose  value.  In  each  case, 
the  rating  of  non-diastatic  malt  is  theoretically  zero,  although  in  practice 
malts  of  10° L.  or  less  are  classified  as  non-diastatic  malt.  A  good  barley 
malt  flour  might  rate  as  high  as  124°L.  Diastatic  malt  syrups  commer¬ 
cially  available  have  ratings  of  20,  40,  or  60°L.,  and  are  described  as  low, 
medium,  or  high  diastatic  products,  respectively. 

The  Federal  Standards  of  Identity  for  bread  (1952A)  permit  the  use 
of  non-diastatic  malt  syrnp  and  dried  malt  syrup,  and/or  diastatic  malt 
syrup,  dried  malt  syrup,  malted  barley  flour,  and  malted  wheat  flour  in 
all  varieties  of  bread  and  rolls  covered  by  the  standards.  Maximum  and 
minimum  quantities  of  these  ingredients  are  not  specified. 

Diastatic  malt  syrups  are  frequently  recommended  for  use  in  bread 
formulas  at  the  rate  rate  of  1  to  IVi  pounds  of  syrup  per  hundredweight  of 
Hour.  An  excessive  amount  may  darken  the  crumb,  favor  overfermenta- 


tion,  and  promote  the  tendency  of  the  dough  to  become  sticky. 
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the  outer  covering  of  the  seeds.  Alter  the  hull  and  the  germ  are  removed 
by  milling,  the  remainder  of  the  seed,  called  the  nib,  is  ready  for  process¬ 
ing  into  chocolate.  The  nibs  are  subjected  to  grinding  and  milling  proce¬ 
dures  which  reduce  the  non-fatty  substances  to  colloidal  size  and  develop 
the  texture  which  is  characteristic  of  chocolate  liquor,  bitter  chocolate, 
and  bakers’  chocolate. 

Addition  of  milk  solids  and  (ir  sugar  together  with  other  Havoring 
materials  such  as  vanilla,  and  sometimes  emulsifiers,  to  chocolate  liquor 
produces  the  ’eating  chocolate  varieties  milk  chocolate,  sweet  chocolate, 
and  bittersweet  chocolate.  1  hese  products  contain  a  minimum  of  10,  15, 
and  35  per  cent  chocolate  liquor,  respectively.  In  Table  60  the  composi¬ 
tion  of  several  cacao  products  is  compared. 

Cocoa  is  chocolate  from  which  a  substantial  proportion  of  the  fatty 
material  has  been  removed.  This  is  usually  accomplished  by  pressing, 
but  sometimes  solvent  extraction  is  used  to  remove  a  very  large  percentage 
of  the  cocoa  butter.  It  is  usually  agreed  that  the  best  chocolate  quality 
and  flavor  are  contained  in  the  liquor,  especially  when  it  has  been  pro¬ 
duced  from  good  quality  Accra,  Bahia,  or  Arriba  beans.  Off-grade  and 
poorer  beans  such  as  Sanchez  mid-crop,  Lagos,  and  mid-crop  Accm  aie 
frequentlv  used  to  prepare  the  low  priced  cocoas  of  commerce.  Cocoa 
from  supm-ior  beans  can  be  obtained  readily,  but  it  sells  for  a  premium. 

Even  though  chocolate  liquor  undoubtedly  has  a  superior  taste  anc 
aroma,  cocoa  performs  quite  adeipiately  in  most  bakery  foods.  The  a  - 
vantages  of  chocolate  liquor  are  much  less  evident  here  than  ^|tii  g 
chocolate,  and  the  price  differential  is  such  as  to  convince  most  bakeis, 


’I'ahi.k  60 

COMPOSITION  OK  proi)U(-ts  ukrivkd  krcjm  cac:ao' 


Nibs, 

Roasted 

Chocohile 

Liquor 

Breakfast 

Clocoa 

Coctra, 
Medium  fat 

3.0 

2.8 

10.5 

55.0 

2.6 

1  .45 

2.3 

3.2 

8  0 
55.0 
2.6 

1  4 

3.9 

5.0 

8  0 
23.8 

4  6 

1  .9 

4,0 

5.5 

8  7 

16  0 

5  0 

2  1 

25.2 

4.9 

26.6 

5 . 2  -6 . 0 

44 . 3 

5 . 2-6 . 0 

48  7 

5.2  6.0 

Dutched 

Breakfast 

C^ocoa 


Sweet  Milk  Chocolate 

Chocolate  Chocolate  Syrup 


5  0 
8.0 
7,7 
215 
4  3 
2.0 

40  2 
6.1-88 


1  .4 
1  ,4 
4.0 
33.0 
1  .4 
0.4 

61  .3 
5. 2-6.0 


1.1 

1  .7 
6.0 
33.5 
0.5 
0.4 

55.2 
5.2-6. 0 


31 


0 

0 

3.5 

1.1 

0.6 


56.0 


Moisture,  per  cent 
.Ash,  per  cent 
Protein,  per  cent 
Fat,  per  cent 
Fiber,  per  cent 
Alkaloids,  per  cent 

tlarbahydrate,''t 

per  cent 

pH  _ 

1  Anon.  1950. 

2  Other  than  fiber. 

even  those  who  deal  in  top  quality  goods,  that  a  good  grade  of  cocoa  rs 
entirely  adequate  for  their  purposes.  „i,.,f.p  1  in  nor  is  related  to  tin' 
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of  fat  which  they  contain.  By  Federal  Standards  (Anon.  1958),  break¬ 
fast  cocoa  must  contain  a  minimum  of  22  per  cent  cocoa  butter.  Bakers 
frequently  use  a  less  expensive  grade  which  contains  from  about  8  to 
about  15  per  cent  cocoa  butter.  Federal  standards  identify  cocoa  having 
less  than  ten  per  cent  fat  as  “low-fat  cocoa.  In  unpublished  experiments 
by  the  author,  it  has  been  shown  that  consumer  panels  cannot  differen¬ 
tiate  significantly  between  cocoas  of  14  and  18.5  per  cent  fat  when  they 
are  used  as  the  flavoring  ingredient  in  devil’s  food  cakes.  This  finding 
applies  only  to  cocoas  made  from  the  same  lot  of  nibs,  of  course. 

Treatment  of  cocoa  nibs  with  alkalies  (such  as  potassium  carbonate) 
at  some  stage  during  the  roasting  process  profoundly  changes  their  char¬ 
acteristics  and  gives  the  “Dutched  ”  chocolates  and  cocoas  of  commerce. 
Some  of  the  changes  observed  are:  the  color  of  the  cocoa  becomes  darker, 
the  flavor  changes  and  becomes  stronger;  some  of  the  cocoa  butter  is 
saponified;  the  starch  is  partially  gelatinized;  cellulose  materials  swell; 
the  natural  cocoa  acids  are  neutralized  and  the  slightly  acidic  pH  changes 
to  a  nearly  neutral  or  slightly  alkaline  pH;  and,  some  of  the  tissues  are 
disintegrated.  The  net  changes  of  importance  to  the  baking  industry  are 
the  changes  to  color  and  flavor,  which  sometimes  make  it  possible  to  use 
less  of  the  flavoring  material,  and  an  increase  in  the  solution  stability  of 
the  product.  The  pH  change  can  also  create  problems  with  the  leavening 
system,  since  a  decrease  in  soda  or  an  increase  in  the  acidic  components 
of  the  batter  or  dough  is  necessary  in  order  to  maintain  the  hydrogen  ion 


concentration  at  the  desired  level  in  the  finished  product. 

Bakers  using  natural  cocoa  sometimes  achieve  a  result  similar  to  Dutch- 
ing  by  increasing  the  final  pH  of  devil  s  food  cakes  to  rather  high  levels. 
The  cocoa  pigments  assume  a  different  color  and  the  flavor  changes  un¬ 
der  these  conditions.  The  so-called  mahogany  color  of  a  true  devil’s  food 
cake  is  due  to  these  reactions. 

Federal  specifications  are  frequently  useful  guides  for  establishing  com¬ 
mercial  requirements.  The  Federal  specification  for  cocoa  ( Anon.  1952B ) 
stipulates  that  breakfast  type  cocoa  must  contain  at  least  22  per  cent 
cacao  fat  and  medium-fat  cocoa  must  contain  from  10  to  22  per  cent  of 
cacao  fat.  Diitcli  process  cocoas,  according  to  tliis  specification,  shall 
have  added  alkaline  materials  ( selected  from  among  those  permitted  to 
be  used  for  this  purpose  by  the  Food  and  Drug  Administration )  equiva- 
lent  m  neutralizing  power  to  not  more  than  3  parts  of  anhydrous  potassium 
^ar  onate  per  100  parts  of  cocoa  (sic)  nibs  from  which  the  cocoa  was 
made.  All  cocoas  shall  have  a  particle  size  such  that  99  per  cent  of  the 

cocoalt  Sieve  after  it  (the 

cocoa)  ha.s  been  disintegrated  and  washed  with  petroleum  benzine. 

eccial  specification  for  chocolate  and  sweet  chocolate  (Anon 
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1949 )  requires  that  bitter  chocolate  contain  not  less  than  50  and  not  more 
than  58  per  cent  of  cacao  fat.  Vanilla  flavored  sweet  chocolate  shall  con¬ 
tain  not  less  than  25  per  cent  of  chocolate  liquor  together  with  the  addi¬ 
tion  of  such  amounts  of  cacao  butter  as  may  be  needed  to  give  a  smooth 
consistency  with  the  amount  of  sugar  used,  the  total  fat  being  not  less 
than  30  per  cent.  The  total  sucrose  content  shall  not  exceed  57  per  cent 
and  the  product  shall  be  flavored  with  vanilla,  vanillin,  or  ethyl  vanillin, 
and  it  mav  contain  lecithin,  phosphatides,  and  other  stabilizers. 

Many  writers  have  published  tables  of  correction  factors  to  apply  to 
the  shortening  percentage  when  cocoas  of  varying  fat  contents  are  used  in 
the  fonnula.  Actually,  cocoa  butter  is  not  a  particularly  good  shortening 
agent  and  probably  does  not  function  in  this  capacity  to  any  great  extent 
in  the  usual  fonnula.  At  any  rate,  the  use  of  a  universal  conection  factor 
for  all  types  of  bakery  products  is  certain  to  lead  to  trouble.  When  a 
product  containing  cocoa  is  to  be  formulated,  it  should  be  developed  in 
the  usual  thorough  manner  and  not  by  calculations  involving  published 

correction  factors. 


DOUGH  IMPROVERS  AND  YEAST  FOODS 
These  products  are  usually  mixtures  of  several  inorganic  salts  togethei 
with  starch  or  Hour  as  an  extender.  Most  of  them  contain  ingredients 

liaving  these  functions: 

(1)  Gluten  oxidizing  agents  such  as  potassium  hromate,  potassium 
iodate,  or  calcium  peroxide;  (2)  Calcium  salts,  usually  phosphates  or  sii  - 
fates  which  correct  any  lack  of  hardness  in  the  dough  water  mid  provide 
a  certain  small  amount  of  additional  buffering  action  to  partially  offset 
unusually  alkaline  conditions  of  the  water;  and  (.3)  Ammonium  sal  s  to 
siimilv  nitrogen  in  a  form  which  can  be  used  by  yeast  foi  protein  bulk  ii  g- 
typfcal  products  are  Arkady,  Ferinaloid.  and  Paniplus  ( these 
name7  are^Lgistered  trade  marks ) .  On  page  229  are  some  typical  fonnii- 

lations  for  three  different  types  of  dough  improvers. 

\mounts  of  the  first  two  types  recommended  for  use  m  breac  g 

are  0.2,5  per  cent  on  the  sistetntlidrth  a25 

cent  in  sponge  dough  procedures.  yi  9 

to  0.50  per  cent  level. 

Oxidizing  Agents  r 


\riN()R  INCRKDIKNTS 


l  Yl’K  NO.  1 


Per  cent 

Calcium  sulfate 

24.93 

Ammonium  chloride 

9.38 

Potassium  bromate 

0.27 

Sodium  chloride 

24.93 

Starch  and  moisture 

40.49 

TYPE  NO.  2 


Per  cent 


Potassium  bromate 

0.12 

Potassium  iodate 

0.10 

Ammonium  sulfate 

7.01 

Sodium  chloride 

19.35 

Monocalcium  phosphate 

50.06 

Starch  and  moisture 

23.36 

TYPE  NO.  3 


Per  cent 

Calcium  peroxide 

0.65 

Diammonium  phosphate 

9.00 

Dicalcium  phosphate 

90.00 

Starch 

0.35 

about  their  exact  mode  of  action  although  the  majority  of  cereal  chemists 
incline  to  the  view  that  they  exert  their  effect  chiefly  as  a  result  of  the 
oxidation  of  sulfhydryl  groups  on  the  proteins.  According  to  this  theory 
the  luimber  of  -S-S-  bonds  between  protein  chains  is  increased  by  tlie 
oxidizing  action  and  a  more  tenacious  network  of  molecules  is  formed 
Ihe  gross  result  is  a  tougher,  drier,  more  extensible  dough  which  gives 
ise  to  loaves  having  the  improved  characteristics  cited  above  An  ex 

bul  ivan  (1948).  An  opposing  theory,  put  forth  with  much  vigor  for 
teveial  years,  was  that  of  Jorgensen  (19.39)  who  believed  that  the  effect 

oxic  izeis  such  as  potassium  bromate  was  due  to  their  inhibition  of 
^loteolytic  enzymes  present  in  flour. 

By  far  the  most  commonlv  used  o.xidizinii  chemie  il  f  i  i 

(as  contrasted  with  the  gases  used  by  mills  t.  t  "  p  n  ^ ^  o^:'" 

homate.  aUcmm  peroxide  and  potassium  iodate  me‘  “ed  to‘som  ex" 
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with  improved  machinability.  Bromatc  does  not  exert  much  influence 
during  the  mixing  period  but  works  later  in  the  processing  cycle  to  shorten 
the  fennentation  time,  among  other  effects.  Calcium  peroxide  gives  drier 
and  more  pliable  and  elastic  doughs  which  have  a  greater  oven  spring 
and  can  be  taken  with  a  somewhat  shorter  pan  proof.  It  increases  absorp¬ 
tion  considerably  and  should  be  incorporated  at  the  dough  stage. 

Not  all  flours  benefit  from  the  addition  of  oxidizers.  Well  aged  Hour  or 
Hour  which  has  been  treated  with  optimum  quantities  of  oxidizers  at  the 
mill  may  not  show  any  beneficial  results  from  use  of  dough  improvers  and 
may,  in  fact,  give  doughs  and  bread  of  inferior  quality  when  supplemented 
in  this  manner.  Flours  which  react  best  to  supplementation  are  likely 
to  be  long  extraction,  freshly  milled  Hours  from  wheats  of  generally  good 
baking  quality.  Short  extraction  Hours  from  poor  varieties  of  wheat  may 
not  be  improved  at  all  by  the  addition  of  oxidizeis. 

Mills  frequently  add  from  1  to  4  gm.  of  potassium  bromate  per  100 
kg.  of  Hour.  As  a  general  rule,  supplemented  Hours  are  underbromated 
by  the  mills  which  use  this  oxidizer  so  that  a  safety  factor  is  present. 
Neither  potassium  iodate  nor  calcium  peroxide  is  used  to  any  appreciable 

extent  by  the  Hour  mills. 

According  to  Kirk  (1959),  bromate  can  be  used  to  overcome  some  of 
the  deleterious  eHects  resulting  from  overmalting,  and  from  use  of  milks 
having  poor  baking  qnality.  Conversely,  a  Hoar  or  dongb  to  winch  an 
■excess Of  bromate  has  been  added  can  he  i,ni>roved  l.y  the  addition 

'"’‘According  to  Doose  and  Wolter  (1955),  overtreatnient  of  donglis  wad, 
oxidizers  can  sometimes  he  recognized  by  ‘‘Ppcarance  of  nip  ines  on 

gOn’a  rough  surface,  reduced  volume  wOershort 

Wolter  state  that  larger  amounts  of  '--"f «  J  ,,aitions 

fermentation  time,  low  dongh  "‘‘Ohs  are  encoiintered. 

of  yeast,  short  times  of  kneading  “  J"  ,  ^  fennentation  time, 

Smaller  amounts  of  bromate  should  be  ^  Oitions  of  yeast,  and  inteii- 

eOinate  the'deleterions  effects  of  the  excess  oxidizer. 
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mprove  the  fermentation  capacity  of  yeast  in  doughs.  It  should  be  recog- 
hzed  at  the  outset  of  this  discussion  that  the  growth  or  reproduction  of 
/east  in  bread  doughs  has  not  been  shown  to  be  either  a  necessary  oi  a 
lesirable  accompaniment  of  the  development  of  flavor  or  gas.  Bakeis 
/east  as  ordinarily  supplied  to  the  trade  consists  of  very  healthy,  vigorous 
:ells  which  can  readily  ferment  at  nearly  the  same  rate  throughout  the 
?ntire  dough  processing  cycle.  If  the  gassing  power  is  shown  to  be  in- 
idequate  due  to  an  insufficient  supply  of  yeast  at  any  stage,  the  proper 
•emedy  is  to  add  more  yeast,  not  to  try  to  grow  yeast  in  the  dough. 

Atkin  et  ah  (1946)  have  shown  that  some  of  the  substances  commonly 
mnsidered  to  be  necessary  for  growth  also  have  an  accelerating  effect  on 
he  gas  production  of  yeast  fermenting  in  artificial  media.  Potassium, 
nagnesium,  ammonium,  sulfate,  and  phosphate  are  the  principal  inorganic 
ons  found  to  be  required.  Vitamin  B],  thiamin,  also  can  markedly  in- 
aease  the  rate  of  fennentation.  As  these  authors  point  out,  most,  if  not 
ill,  of  the  accelerating  substances  are  present  in  doughs  in  sufficient 
imounts  to  support  fermentation  at  optimum  rates.  For  example,  they 
itate: 


(l)“It  is  therefore  proliahle  tliat  the  phosphate  eontent  of  floor  is  ordinarily 
luffieient  to  maintain  yeast  at  its  maximal  fermentation  rate,  provided  all  other 
aetors  are  present  in  adequate  amount”;  (2)  “It  seems  probable  from  these 
lata  that  sulfate,  in  adequate  amount,  is  present  in  white  flour”;  (3)  “As  with 
fliosphorus  and  magnesium,  there  is  evidence  that  flour  contains  sufficient 
piantities  of  potassium  and  hence  conceivably  could  make  available  adequate 
imounts  for  the  nutrition  of  yeast”;  and  (4)  “Although  a  large  proportion  of 
he  thiamin  of  the  wheat  berry  is  removed  in  the  course  of  the  milling  process 
vhich  produces  white  flour,  the  amount  retained  is  sufficient  to  exert  maximal 
icceleration  in  most  cases.” 


Vlinerals  and  Buffers 

The  effect  of  the  cations  of  water  on  dough  quality  has  been  explained 
n  some  detail  in  the  preceding  chapters  on  water  and  yeast.  If  water  is 
^ery  low  m  such  ions  as  calcium,  the  gluten  may  be  adversely  affected  with 
esultant  poor  dough  quality.  Use  of  some  of  the  salts  which  are  included 
n  most  dough  improvers  is  indicated  in  such  cases.  After  an  optimum 
evel  of  concentration  is  reached,  further  additions  have  little  effect 
IHhe  water  supply  is  alkaline,  the  buffering  action  of  some  of  the  salts 
rsetl  ,n  dough  improvers  may  bring  the  pH  down  slightly.  Considering 
he  .sjnall  ammmts  of  these  substances  which  are  customarily  added  to 
■l-nghs,  ,t  ,s  d.fficult  to  see  how  the  effect  could  he  vers'  pronounced 


INHIBITORS  OF  MICROBIOLOGICAL  SPOILAGE 
I  he  only  form  of  microbiological  spoilage  with  which  the  average  baker 
>as  to  contend  ,s  mold  growth.  A  few  decades  ago,  rope  caused  hyt;. 
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cilhis  mcsentericus  or  similar  organisms,  was  a  serious  problem,  but  today’s 
improved  sanitary  practices  in  the  bakery  combined  with  rapid  turnover 
of  the  finished  product  have  virtually  eliminated  this  form  of  spoilage. 
Many  bakers  in  the  United  States  have  never  seen  a  true  case  of  rope. 
Mold  spoilage  still  remains  a  problem,  however.  No  feasible  amount  of 
sanitation  can  prevent  contamination  of  bakery  products  with  the 
ubiquitous  mold  spores,  and  an  abundant  growth  of  mycelia  and  spor¬ 
angia  can  appear  on  a  loaf  within  three  days  if  the  conditions  of  humidity 
and  temperature  are  right. 

Over  the  years,  a  considerable  number  of  chemical  compounds  have 
been  proposed  as  fungicides  or  fungistats  for  use  on,  or  in,  food  substances. 
Most  of  these  materials  are  no  longer  heard  of  because  they  were  shown 
to  be  either  toxic  to  man  or  innocuous  to  molds— frequently  both.  How¬ 


ever,  the  sodium  and  calcium  salts  of  propionic  acid  and  sodium  diacetate 
have  been  used  with  good  results  for  some  time.  Most  of  the  organic 
acids  having  carbon  chain  lengths  of  1  to  14  exert  some  fungistatic  acHon 
but  various  objections,  including  that  of  inadequate  supply  have  limited 
commercial  applications  of  all  but  the  two  and  three  carbon  compounds. 
It  is  the  acid  moiety  of  these  substances  which  is  effective,  use  of  the  salts 
being  merely  a  convenience.  However,  some  authorities  have  claimed 
that  mixed  salts  have  greater  effectiveness  than  the  combined  ‘^cids. 

According  to  the  Food  and  Drug  Administration  (Anon.  1952A),  white, 
enriched,  or  raisin  bread  and  rolls  covered  by  the  Standards  of  Identity 
may  contain  not  more  than  0.32  per  cent  calcium  propionate  or  sodium 
propionate  (or  a  mixture)  on  the  flour  weight  basis  provided  the  labe 
includes  a  statement  that  the  compound  has  been  added  to  pi  even 
spoilage.”  Whole  wheat  or  graham  bread  and  rolls  may  contain 
as  0.38  per  cent  of  the  compounds  on  the  basis  of  the  who  e  w  lea 

"Miil^pe'ons  daiin  that  they  can  detect  by  odor  or  taste  the 
of  propionic  acid  in  baked  products,  even  when  it  is  present  m  the  small 
concentrations  permitted  by  the  Federal  government. 


ENZYME  PREPAIEYTIONS 


Fungal  Proteases 

F„„«a.  pn,t«.s..  acts  aou,.,  by  WaUn. 

A  “mellowing  effect  on  the  c  oiig  i  ..  i  i,,  leduced  when  proteases 
strong  flours  used  m  sponges  can  ‘  extensibilitv  of  doughs  anct 

are  used.  These  enzymes  idso  Packiness,  and 

thus  are  of  value  in  controlling  t  ic  p  la  ,  possible  to  eliminate 

insuring  proper  machinability.  In  many  eases,  it  possi 
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these  {lifficulties  witliout  resort  to  added  enzymes  through  changes  in 
})rocessing  conditions,  absorption,  etc.  It  is  also  claimed  that  proteases 
can  improve  the  symmetry,  grain,  and  texture  of  the  loaf  and  increase  the 
compressibility  of  bread  crumb. 

The  fungus  Aspergillus  onjzae  is  usually  employed  for,  production  of 
proteases  for  the  baking  industry.  The  mold  is  grown  in  a  liquid  medium 
which  contains  the  necessary  nutrients.  As  it  grows,  the  mold  excretes 
into  the  medium  many  enzymes,  among  them  the  desired  protein  digest¬ 
ing  catalysts.  After  a  time,  the  solid  material  is  removed  by  filtration  or 
centrifugation,  and  a  mixture  of  organic  compounds  including  the  pro¬ 
teases  is  precipitated  from  the  liquid  as  a  result  of  the  addition  of  some 
solvent  such  as  ethyl  alcohol  or  of  inorganic  salts.  Usually,  no  further 
purification  of  the  precipitate  is  attempted,  and  drying,  and  sometimes 
standardization  by  adding  inert  fillers,  are  the  only  remaining  steps  before 
the  enzyme  preparation  is  packaged.  For  retail  sale,  the  proteases  are 
frequently  made  into  tablets  of  standardized  activity.  The  “strength” 
of  the  preparation  is  commonly  expressed  in  terms  of  hemoglobin  units. 
These  indicate  the  rate  of  hydrolysis  (or  solubilization)  of  hemoglobin, 
which  is  a  convenient  standard  substrate.  A  potent  precipitate  may  ex¬ 
hibit  an  activity  of  100,000  or  more  hemoglobin  units  ( H.  U. )  per  gram. 
Dilutions  offered  to  the  bakery  trade  often  have  an  activity  of  about  300 

H.  U.  per  gram  with  a  suggested  rate  of  usage  of  4  oz.  per  100  lbs.  of 
flour. 

Salt  inhibits  the  action  of  fungal  proteolytic  enzymes  on  gluten,  so 
that  their  effect  on  straight  doughs  containing  about  two  per  cent  of  salt 
IS  negligible.  When  active  dry  yeast  is  used  as  the  leavening  agent,  pro¬ 
teases  are  not  normally  employed  since  the  yeast  itself  has  a  mellowing 
eflect  on  the  dough  ( Reed  and  Thorn  1957 ) . 


Fungal  Amylases 

These  enzymes  are  distributed  as  replacements  for  the  amylolvtic 
enzymes  of  diastatic  malt.  They  provide  a  means  of  adding  necessary 
s  arcli  digesting  properties  to  a  dough  without  also  adding  the  flavor  and 
co  rn-  of  malt.  In  general,  the  fungal  preparations  are  also  cheaper  per 
nut  of  ac  ivity  than  malt.  On  the  other  hand,  they  do  not  have  the  nutri- 
pia  1  y  o  grain  prepaiations,  and  in  many  cases  the  flavor  and  color 

stasA  "l  ^  of  the  net  effect  of  malt  dia¬ 

stase  on  iloiigh  properties  is  also  applicable  to  fungal  amylases. 


Enzymatically  Active  Soy  Flour  Derivatives 
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lipoxidascs,  altliough  proteinases  and  l)eta-ainylase  play  a  minor  role. 
Alpha-amylase  is  absent. 

Lipoxidases  in  bread  dough  have  three  functions: 

( 1 )  Bleaching  of  the  carotenoid  pigments  with  the  result  that  whiter 
bread  may  be  obtained  with  both  unbleached  and  bleached  flours 
( bleached  flour  nsiially  contains  a  substantial  amount  of  carotenoid  pig¬ 
ments  ) . 

(2)  Influencing  dough  properties;  frecpiently  this  is  the  most  important 
function.  Doughs  containing  lipoxidases  possess  what  bakers  tenn  greater 
*hnixing  tolerance”  and  dough  extensibility,  which  means  that  they  can 
be  mixed  longer  and  machined  without  damaging  the  rheological  prop¬ 
erties  required  to  make  good  bread.  The  improvement  in  mixing  toler¬ 
ance  can  be  demonstrated  by  the  farinograph,  and  improvement  in  dough 
extensibility  may  be  observed  readily  by  the  experienced  baker  dining 
various  stages  of  bread  making. 

(3)  Contributing  bread  flavor.  The  soybean  contains  at  least  two 
lipoxidases,  one  active  chiefly  on  triglycerides  and  the  other  on  fatty 
acids  (Koch  ct  ill.  1958).  Research  in  recent  years  has  shown  that  flie 
lipoxidases  promote  the  oxidation  of  gluten,  strengthening  and  improving 
dough  properties.  The  effect  on  dough  properties  is  thought  to  be  the 
result  of  lipoxidase  action  on  the  lipo-protein  complexes  of  flour.  1  he 
latter  apparently  are  connected  with  bread  volume,  crumb  hrmness, 
grain  and  texture.  Because  dough  properties  are  improved  by  soy  en 
zvmes,  bread  quality  is  also  enhanced.  Among  the  improvements  ob¬ 
tained  are  finer  grain,  softer  texture  and  retardation  of  staling. 

The  beta-amylase  of  soy  flour  is  unique  in  that  it  hi.s 
stability  than  the  beta-amylase  of  wheat  and  barley.  Thu  ,  ‘  ^ 

prodiickl  from  starch  by  soy  beta-amylase  for  a  ‘ 

wheat  and  barlev  beta-amylase  are  heat  inactivated  For  baking  pi 
ce  ll  res  which  exhaust  sugars  during  fermentation,  this  ^^tion  will  com 
"11,11^10  a  better  crust  color  and  to  a  more  vigorous  fermentation  at  tin 

end  of  the  baking  process.  -.HV-aiiv  ictive  sov  floi”' 

Two  tvpes  of  product  containing  .‘f  ™ 

available  to  the  commerdal  baker.  a  second  I 

partially  dextrimzed  corn  ourorotiei  peroxide  and  sometimes. 

type  contains,  in  addition  to  principally  for  the  well-; 

■ase  water  absorption  and.. 


nhosnhates.  The  latter  type 

known  calcium  peroxide  effect,  which  is  ^  lipoxidase  here  isi 

m  form  c.rier,  less  dough  exten-s 

slbifitris  restored  without  impairing  „„qeallv  active  soy. 

The  product  called  Wytase  contains  full-fat,  enzym 
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flour  and  dextrinized  corn  flour.  Enzyme  activity  is  standardized  at  a 
level  which  requires  optimum  usage  at  the  rate  of  one  per  cent  based 
Dll  the  flour.  The  corn  flour  fraction  is  prepared  from  purified  corn  grits, 
lieat  dextrinized  under  controlled  conditions  to  provide  imifoim  water 
iihsorption,  which  is  a  satisfactory  measure  of  the  degree  of  conversion 
□f  the  starch.  The  corn  flour  fraction  thus  modified  contributes  to  water 
absorption  and  bread  yield.  It  also  provides  a  more  readily  available 
substrate  for  amvlase  activity  than  unmodified  starches  do.  Doughs  made 
with  one  per  cent  Wytase  will  normally  require  one  per  cent  additional 
water. 

Depending  somewhat  on  the  quantity  of  enzymatically  active  soy  flour 
used  in  the  bread  formula  and  also  on  the  quality  of  some  of  the  other 
ingredients,  especially  shortening  and  milk  solids,  bread  will  have  a 
pleasing  flavor  regarded  by  many  to  be  the  most  important  reason  for 
using  a  product  of  this  type.  Recent  work  on  bread  flavor  suggests  that 
the  lipoxidases  initiate  mild  reactions  of  the  fatty  components  of  a  bread 
dough,  and  these  are  sufficient  to  produce  minute  quantities  of  cleavage 
products  of  the  aldehyde  type  which  contribute  pleasant  notes  to  bread 
flavor.  Much  of  the  bread  produced  commercially  is  made  by  proeedures 
which  result  in  extreme  blandness,  for  which  reason  the  enhancement 
of  flavor  by  soy  enzymes  assumes  some  importance  (Ferrari  1959). 


SPICES 

Fresh,  high  quality  spices  offer  innumerable  ways  for  a  baker  to  intro¬ 
duce  variety  to  this  line.  Each  spice  is  imported  from  several  different 
souices  and  the  quality  will  vary  accordingly,  as  shown  in  the  following 
discussions.  The  most  sensible  buying  procedure  is  to  make  sure  that 
the  supplier  is  reputable  and  to  take  the  attitude  that  quality  is  more 
important  than  minor  price  differentials.  The  few  pennies  difference 
between  grades  is  not  worth  the  chance  of  failure  in  flavoring,  especially 
in  quantities  usually  baked  in  commercial  operations.  Store  all  spices 
in  a  cool,  airy,  and  dry  room.  Limits  of  storage  life  have  not  been  defined 
but  It  IS  certain  that  it  is  never  wise  for  a  baker  to  speculate  with  these 
aromatic  ingredients.  Buy  only  according  to  current  needs  and  make 
sure  the  containers  are  tightly  covered  when  not  in  use  since  their  volatile 
oils  will  escape  on  lengthy  exposure  to  the  air. 

For  those  buyers  wishing  to  check  the  quality  of  their  spice  purchases 
the  American  Spice  Trade  Association,  82  Wall  Street,  New  York  5’ 
.  Y.  makes  available  a  series  of  methods  for  spice  analvsis.  Included 
are  procedures  for  testing  volatile  and  non-volatile  oils,  total  ash,  starch 
crude  fiber,  etc.  The  entire  set  of  11  methods  is  priced  at  $1  per 
single  order  or  $1.00  per  set  plus  postage  on  orders  of  more  than  one 
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innamon 


Cinnamon,  onr  most  important  baking  spice,  comes  from  the  bark  of 
an  evergreen  tree.  The  member  of  the  cinnamon  family  most  used  in 
the  United  States  is  Ciiuumionum  cassia,  which  in  spice  trade  vernacular 
is  usually  shortened  to  cassia.  This  plant  is  native  to  China,  Indo-China, 
and  Indonesia.  There  is  another  member  of  the  clan  that  goes  under  the 
tenn  cinnamon  also.  This  is  CAnnamoniim  zeijlanicum,  or  Ceylon  cin¬ 
namon.  It  is  quite  different  in  color,  texture,  and  flavor  strength  from 
cassia  and  very  little  is  used  here,  but  it  is  popular  in  Mexico  and  in 
Europe.  There  are  three  varieties  of  cassia  in  commerce  today— Saigon 
cassia,  Batavia  cassia,  and  Korintje  cassia.  Saigon  is  a  product  of  Indo- 
China  while  Batavia  and  Korintje  are  both  Indonesian  cassias.  Imports 
from  China  have  been  non-existent  since  the  United  States  embargo  on 
communist  goods. 

Saigon  Cassia.— This  is  considered  to  be  the  finest  cassia  a  baker  can 
use.  It  comes  from  a  bark  that  is  greyish  brown  on  the  outside  and  red¬ 
dish  brown  underneath.  As  a  result,  ground  Saigon  is  slightly  lighter 
in  color  ( sometimes  even  greyish  brown )  than  eithei  Batavia  or 
Korintje  cassias,  which  have  an  even  reddish  brown  coloi  thioughout. 

Cassia  bark  is  slit  and  stripped  off  young  trees  and  rolled  into  “quills 
(commonly  called  “cinnamon  sticks”).  As  they  arrive  in  the  U.  S. 
these  quills  are  from  2  to  3  feet  long.  Saigon  quills  are  graded  according 
to  thickness  of  bark:  thin,  medium,  and  thick.  A  certain  proportion  o 
Saigon  also  comes  in  as  “broken  stick,”  graded  no.  1  and  no.  2.  Thin  quill 
Saigon  is  recognized  as  the  prime  quality  because  the  thin  bark  from 
the  small  twigs  of  the  tree  has  a  higher  volatile  oil  content  and  finer 
(piality  of  flavor.  Buyers  should  understand  that  the  temi  thin  quill 

is  not  merely  descriptive  of  good  cassia,  but  is  a  specific  giade. 

Korintje  Cassia.-This  product  comes  from  Sumatra  and  adjacent  is¬ 
lands,  including  one  by  the  name  of  Korintje.  The  bark  is  thick,  in  gen¬ 
eral  and  dark  reddish  brown  in  color.  There  are  two  grades, 

“C  ”  the  “A”  being  the  thinner  and  more  highly  flavored  of  the  w  . 
Though  it  is  not  L  aromatic  or  as  intensely  flavored  as  the  Saigons. 

Korintje  is  considered  a  good  cassia.  i^orinUp  hut 

Batavia  Cassia.-This  is  from  the  same  general  area  “  "t,e  I  ^ 

is  characteristically  a  product  of  the  lowlands  whereas  Kor.nt,e  come^_ 
mostly  from  the  uplands.  It  is  sometimes  known  as  • 

bark  fs  usually  thitmer  than  Korintje  and  it  has  a  somewhat  ''^‘e  _ 

The  flavor  is  not  as  strong  as  either  the  o.'  - 

a  result,  Batavia  is  normally  the  lowest  pr.ccd.  If  f  ^ 

with  water  before  it  is  added  to  the  flour,  there  is  dange.  that 
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imicilagiiioiis  mass  wlu'cli 
igretiients. 

(aissia  yields  horn  0.5  to 
liaracteristics: 


C'an  jiri'vent  a  smooth  l)IeiKling  ol  tli('  other 
5  per  c-oiit  volatih'  oil  having  the  tollowing 


Specific  gravity  at  59°F. :  1.055  to  1.072 
Optical  rotation  at  68°F.:  -|-6°  to  — 1° 

Refractive  index  at  68°F.:  1.585  to  1.606 

Principal  constituent:  Cinnamic  aldehyde  ( 75  to  95  per  cent) 

Solubility:  1  part  in  2  parts  of  80  per  cent  alcohol. 

In  baking,  cinnamon  is  used  in  the  doughs,  fillings,  and  icings  of  buns, 
akes,  cookies,  and  pies;  fruit  toppings;  dry  toppings;  and  custards.  It  is 
oinpatible  with  the  flavors  of  sugar,  chocolate,  coffee,  apple,  peach,  and 
ear.  One  ounce  of  the  ground  spice  is  equivalent  to  about  17V2  tea- 
Doonfuls. 


bitmeg 

This  spice  is  the  seed  of  a  peach-like  fruit  of  a  tropical  evergreen  tree, 
’he  seed  is  ovular  in  shape  and  ranges  in  size  up  to  IV4  inches  in  length. 
Llthough  it  is  native  to  the  Molucca  Islands,  it  is  imported  mostly  from 
adonesia  and  the  West  Indies  today.  The  two  principal  grades  are  “East 
tidies  and  West  Indies.  They  are  graded  large,  medium,  and  small 
ccording  to  the  number  per  pound.  Large  average  60  to  75;  medium, 
0;  small,  100  to  1 10.  East  Indian  nutmegs  usually  have  a  slightly  higher 
il  content  and  thus  command  a  higher  price. 

Nutmeg  yields  from  7  to  15  per  cent  of  volatile  oil  having  the  followiim 
roperties :  ^ 

Specific  gravity  at  59°F. :  0.865  to  0.930 

Optical  rotation  at  78°F.:  +10°  to  +30° 

Refractive  index  at  78°F.:  1.475  to  1.489 


)ne  part  of  t  ie  oil  is  soluble  in  three  parts  of  90  per  cent  alcohol 
In  baking,  this  spice  is  frequently  used  in:  doughnuts,  doughs  of  spice 
nd  butter  cakes,  pastry  crusts,  and  dry  toppings  for  custard  pastry  ft 
^compatible  with  sugar,  apple,  cherry,  peach,  pear,  and  coffee  flavors 


lace 
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is  the  lacv  mace  layer  surrouiuliDg  tlie  seed.  Major  sources  are,  of  course, 
the  same  as  for  nutmeg,  i.e.  Indonesia  and  the  West  Indies.  When  har¬ 
vested  the  mace  is  a  vivid  red,  but  tins  changes  to  a  light  orange  after 
drying.  It  is  sold  as  East  or  West  Indies,  no.  1  or  no.  2,  according  to 
color  and  quality. 

Mace  yields  7  to  14  per  cent  of  volatile  oil  which  closely  resembles 
oil  of  nutmeg.  It  has  the  following  properties: 

Specific  gravity  at  59°F.:  0.890  to  0.930 

Optical  rotation  at  78°F.:  -|-20° 

Refractive  index  at  78°F.:  1.476  to  1.480 

One  part  of  the  oil  is  soluble  in  three  parts  of  90  per  cent  alcohol. 

The  spice  is  used  in  basic  sweet  dough,  sponge  and  pound  cakes, , 
cream  fillings  for  eclairs  and  charlottes,  and  cherry  pie  filling.  It  is  com-  - 
patible  with  sugar,  custard,  and  cherry  flavors,  among  others.  Fourteen  i 
teaspoonfuls  of  the  spice  equal  one  ounce. 


Cloves 


This  spice  is  the  dried,  unopened  buds  of  an  evergreen  tree  native 
to  the  Molucca  islands,  now  a  part  of  Indonesia.  Today  we  import  most* 
of  our  cloves  from  Zanzibar  and  Madagascar.  Either  of  these  sources  can 
produce  excellent  cloves  so  that  grades  are  not  so  much  a  matter  of  origin 

;i.s  of  individual  quality.  •  i  1 

Cloves  contain  a  high  percentage  of  non-volatile  penetrating  oil  anc 

so  should  not  be  stored  for  long  iu  fiber  or  paper  containers  lest  the  ml 

.soak  through.  This  oil,  present  in  amounts  ol  14  to  ll  per  cent  ot 

Spice,  has  the  following  properties: 

Specific  gravity  at  59°F.:  1.044  to  1.069 
Optical  rotation  at  68°F.:  0°  to  —2 
Refractive  index  at  77°F.:  1.528  to  1.540 
Principal  constituent:  Eugenol  (80  to  95  per  cent) 


Ginger  ,  ,•  n,, 

I  Jete  ..nen  -Lnas”  m  ginger.  Jamaican  ginger  , 
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raditioiially  rated  as  top  grade,  primarily  because  of  its  appearance.  In 
amaica  the  ginger  is  peeled  after  harvesting  and  the  resultant  product  is 
ighter  in  color  and  considered  to  be  smoother  in  Havor.  However, 
Jochin  ginger,  the  product  of  the  State  of  Cochin  in  fndia,  is  an  excellent 
^rade  for  baking.  African  ginger,  the  lowest  priced  of  the  three,  has  a 
larsher  flavor,  but  would  be  suitable  for  something  like  gingersnaps  where 
itrength  is  considered  a  virtue. 

Ginger  yields  from  1  to  3  per  cent  of  volatile  oil  having  the  following 
properties: 


Specific  gravity  at  59°F. :  0.872  to  0.886 
Optical  rotation  at  68°F.:  — 25°  to  — 45° 
Refractive  index  at  68°F.:  1.478  to  1.495 


One  part  of  the  oil  is  soluble  in  three  parts  of  70  per  cent  alcohol. 

Bakers  use  the  spice  in  gingerbread  and  doughs  for  cakes,  cookies, 
vafers,  and  pies.  The  flavor  is  compatible  with  sugar,  orange,  pear,  and  • 
Pumpkin.  Fourteen  teaspoonfuls  of  the  ground  spice  weigh  abcput  one 
)unce. 


Vllspice 

This  substance  is  the  dried,  nearly  ripe,  pea-sized  fruit  of  an  evergreen 
ree.  It  is  native  to  the  Western  hemisphere  and  today  is  imported 
rom  Jamaica,  Mexico,  Guatemala,  and  other  parts  of  Central  and  South 
*imerica.  It  takes  its  name  from  the  resemblance  of  its  flavor  to  a  blend 
)f  cloves,  cinnamon,  and  nutmeg.  However,  the  predominant  flavcpr 
s  that  of  cloves.  Jamaican  allspice  is  considered  the  best  quality.  The 
products  of  the  other  sources  are  rated  more  or  less  equal  to  each  other  at 

evel  below  the  Jamaican  variety.  The  buyer  should  make  sure  that 
he  source  is  specified. 

Allspice  contains  3  to  4.5  per  cent  of  a  volatile  oil  having  the  following 
Properties :  ^ 

Specific  gravity  at  59°F.:  1.02.5  to  1.055 
Optical  rotation  at  68°F.:  0°  to  —5° 

Refractive  index  at  77°F.:  1..525  to  1..535 
Principal  constituent:  Eiigenol  ( 60  to  80  per  cent ) 
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Cardamom  vSeed 

C’ardamom  seed  is  llie  dried  Iniil  ol  a  plant  oi  the  i!;inger  family.  It 
is  native  to  India,  and  today  we  import  it  mostly  from  India,  Guatemala, 
and  Ceylon.  The  reddish-brown  seeds  are  contained  in  a  fibrous  capsule 
(from  8  to  16  seeds  per  capsule)  which  may  be  either  greenish-brown 
in  color  or  a  creamy  white  if  it  has  been  bleached.  For  pickling  and 
similar  uses  the  whole  pods  are  available,  but  if  the  seeds  are  to  be  ground 
as  for  use  in  baking,  decorticated  cardamom  (seeds  removed  from  the 
pods)  is  specified.  Guatemalan  and  Indian  cardamom  lank  about  ecjual 

in  quality. 

The  oil  in  cardamom  represents  about  3.5  to  8  per  cent  of  the  seed 
weight,  and  has  the  following  properties: 

Specific  gravity  at  59°F. :  0.922  to  0.950 

Optical  rotation  at  68° F.:  4-22°  to  +40° 

Refractive  index  at  68°F.:  1.460  to  1.470 

Cardamom  is  suitable  for  flavoring  Danish  pastry,  fillings  for  eclairs 
and  cream  puffs,  and  pies.  It  is  compatible  with  sugar,  blueberry,  grape 
apple,  and  pumpkin  flavors.  One  ounce  equals  14+4  teaspoonfuls  of 

the  spice. 


Poppy  Seed 

These  are  the  tiny  seeds  of  an  annual  of  the  poppy  family.  The  plants 
are  native  to  Asia  but  today  we  import  most  of  oi.r  supply  from  the 
Netherlands,  Poland,  Argentina,  and  Iran.  Blue  poppy  seed,  «  ‘yP® 
famous  by  the  Dutch,  is  considered  the  highest  quality  becaus  . 
be  Ted  for  garnish  as  well  as  for  flavor.  Blue  poppy  seed  is  actually  a 
ZteLe  color.  Because  of  its  very  high  oil  content,  poppy  seed  cann  t 
e^v^dered  and  therefore  is  not  sold  except  as  the  wbole  seed.  For  fi  - 
Ls  where  a  smooth  texture  and  the  rich,  nutty  flavor  of  the  seed  is  de 
siild,  it  is  possible  to  buy  ground  poppy  seed  that 
honey.  While  these  seeds  do  come  from  the  poppy  p  an  ,  i  y  * 

"ToppyTfdsTo  not  contain  essential  oils.  They  do  contain  a  fixed  oil  : 
E+en  and  one-fourth  teaspoonfuls  of  seeds  weigh  one  ounce. 


Caraway  Seed  fn 
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ands  caraway  is  recognized  as  top  grade.  For  the  bakery  trade,  caraway 
s  available  ground  as  well  as  whole.  This  true  caraway  has  no  relation- 
;hip  to  the  “charcoal  caraway”  or  “black  caraway,”  a  small  black  seed  that 
s  used  mainly  for  toppings  on  breads  of  central  European  and  Russian 
origin. 

Caraway  yields  from  3  to  7  per  cent  of  volatile  oil  having  the  following 
properties: 

Specific  gravity  at  59°F.:  0.907  to  0.920 

Optical  rotation  at  68°F.:  +70°  to  +82°  (usually  +75°  to  +78°) 

Refractive  index  at  77°F. :  1.484  to  1.497 

Principal  constituent:  Carvone  ( 50  to  60  per  cent ) 

Due  part  of  the  oil  will  dissolve  in  ten  parts  of  80  per  cent  alcohol. 

Caraway  is  almost  indispensible  in  the  making  of  rye  bread,  and  it  is 
ilso  good  in  corn  muffins,  cheese  rolls,  and  certain  kinds  of  cakes  and 
;ookies.  It  is  compatible  with  the  flavors  of  sugar,  apple,  peach,  apricot, 
md  rve. 

One  ounce  of  the  spice  equals  9+2  teaspoonfuls. 


^nise  Seed 

The  fruit  of  a  small  annual  plant  of  the  parsley  family,  when  dried, 
)ecomes  the  spice  anise.  It  is  oval  in  shape,  somewhat  like  caraway,  but 
s  greenish-brown  in  color.  It  is  native  to  Egypt  but  most  of  our  present 
npply  comes  from  Spain,  Mexico,  and  Turkey.  Quality  of  the  spice  from 
ach  source  is  about  the  same.  The  flavor  is  recognized  by  most  people 
s  licorice.  Very  similar  in  flavor,  but  botanically  unrelated,  is  star  anise, 
small  star-shaped  cluster  of  seeds.  Star  anise  was  fonuerly  imported 

rom  China  and  has  not  been  available  since  the  embargo  on  communist 
pods. 

The  essential  oil  in  anise  seed  is  present  in  amounts  of  2  to  3  per  cent 
nd  has  the  following  characteristics : 


Specific  gravity  at  68°F. :  0.975  to  0.990 
Optical  rotation  at  68°F.:  0°  to  —2° 

Refractive  index  at  77° F.:  1..552  to  1.558 
Principal  constituent:  Anethole  ( 80  to  90  per  cent) 


In  baking,  anise  seed  is  used  in  icings  and  fillings  for  cakes  and  cookies 
nd  iTstS  fr:!!"  suga; 


»n^Sfsn7e  TrTl'Y""''"" ^eale  of  tl.e 

a+b+l+bS  bon, 
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CHAPTER  9 


Samuel  A.  Matz 


Formulations  and  Procedures  for 
Yeast-Leavened  Bakery  Foods 


Tliere  arc  probably  innumerable  schemes  for  classifying  bakery  prod¬ 
ucts,  but  the  most  sensible  way  to  categorize  them  for  the  bakery  engineer 
or  cereal  chemist  would  seem  to  be  on  the  basis  of  the  source  of  leavening 
gas.  There  is  not  much  overlap  between  the  various  classes  when  this 
procedure  is  used,  and  it  will  be  found  that  a  host  of  characteristics  and 
many  of  the  processing  techniques  vary  in  association  with  the  type  of 
leavening  system.  It  is  this  scheme  which  has  been  followed  in  organiz¬ 
ing  the  second  section  of  “Bakery  Technology  and  Engineering.” 

Yeast-leavened  products  include  not  only  those  foods  in  which  yeast 
serves  principally  as  an  aerating  agent  but  also  those  in  which  the 
leavening  action  is  secondary  in  importance  to  the  functions  of  dough 
conditioning  and  flavor-developing.  Examples  of  the  latter  types  are 
Danish  pastry  and  soda  crackers.  Some  leavening  action  is  unavoidable 
when  live  yeast  is  included  in  a  formulation  since  gas  production  by  the 
organism  is  continuous  in  the  presence  of  substrate  ( assuming  the  yeast 
is  fully  adapted  to  the  substrate)  and  it  would  be  difficult  to  formulate 
a  dough  which  did  not  contain  some  carbohydrate  which  the  yeast  could 
utilize.  In  fact,  yeast  of  the  kind  used  by  bakers  has  a  detectable 
endogenous  gas  production  rate. 

Some  products  in  both  groups,  i.e.  foods  in  which  yeast  is  included 
primarily  for  its  leavening  action  and  foods  in  which  the  desired  functions 
are  other  than  gas  production,  will  be  discussed  in  this  chapter,  but 
primary  emphasis  will  be  placed  on  products  such  as  bread  where  the 

eavening  function  is  paramount,  since  the  principles  involved  are  also 
applicable  to  the  other  group. 


le  chaptei  was  planned  so  as  to  present  first  some  general  considera- 
lom  regarding  the  products,  next  to  present  some  examples  of  formulas 
.nd  procedures  for  the  principal  types  of  products  and  finally  to  discuss 
™,e  common  detects  and  their  causes.  The  initial  discussion  will  deal 
e  sequence  ot  leactions  occurring  in  ferinentimr  -iml  Is-il-' 

ing'l'e  A  T  ""Poitant  ingredients  ami  process^ 

fimill  preparation  methods  will  follow  and 

nnally,  some  tronhle-shooting”  hints  will  he  listed.  ’  ‘  ’ 


Samuei,  a.  Maiv.  is  Head,  Hefrigerated  Dough  Lab, 


>ratory,  Borden  Foods  Company. 
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FUNCTIONS  OF  THE  PKINCIPAE  INCKEDIENTS  AND  PROCESSING  STEPS 

Yeast  provides  llavoring  eoinpoiinds,  affects  the  texture  of  tlie  dougli 
and  baked  product,  and  supplies  car])ou  dioxide  wliicli  decreases  the 
density  of  the  food. 

As  yeast  ferments  the  sugars  in  dough,  it  releases  to  the  surrounding 
liquid  dissolved  carbon  dioxide  and  ethanol,  and  metabolic  by-products 
such  as  lactic  acid,  acetic  acid,  etc.,  as  well  as  small  quantities  of  un¬ 
known  compounds.  Bakers’  yeast  cannot  hydrolyze  proteins  or  even 
peptides  and  so  in  its  intact  form  exerts  no  proteolytic  effect  on  gluten. 
It  cannot  attack  starch  or  dextrins  and  so  does  not  affect  dough  viscosity 
by  breaking  down  these  compounds  of  large  molecular  weight.  How¬ 
ever,  the  acids  such  as  lactic  and  acetic,  which  yeast  elaborates,  have  a 
definite  effect  on  some  of  the  gluten  proteins  that  is  best  described  as 
a  solubilizing  action.  The  net  observable  effect  is  a  mellowing  or 
weakening  of  the  dough  structure. 

Carbon  dioxide  passes  through  the  yeast  wall  as  a  dissolved  compound, 
probably  in  the  form  of  bicarbonate  ion.  As  the  concentration  of  carbon 
dioxide  increases  in  the  free  liquid  outside  the  cell,  gas  bubbles  begin 
to  form  around  foci  in  the  dough.  These  foci  have  never  been  clearly 
identified  although  very  possibly  they  may  be  small  air  bubbles  in- 
coqDorated  into  the  dough  during  mixing.  It  appears  certain  that  the 
foci  are  not  the  yeast  cells  tliemselves.  The  importance  of  this  point  is 
that  fineness  of  grain,  i.e.,  the  number  of  gas  vesicles  in  a  given  volume 
of  bread,  is  not  entirely  controlled  by  the  number  of  yeast  cells  present, 
and  that  uniformity  of  grain  is  not  governed  solely  by  the  uniformity 
of  yeast  cell  activity.  These  product  qualities  must  be  controlled  by 
other  methods  and  are  usually  determined  in  practice  by  the  physical 
treatment  accorded  the  dough,  especially  during  mixing. 

The  substances  contributing  the  major  portion  of  the  characteristic 
aroma  of  bread  and  similar  foods  undoubtedly  arise  either  directly  or 
indirectly  from  the  activity  of  yeast.  The  responsible  chemicals  are 
mostly  unknown,  but  it  is  to  be  hoped  that  the  techniques  of  gas  chroma¬ 
tography  will  enable  investigators  to  identify  most  of  them  within  the 
next  few  years.  The  substances  are  probably  mostly  extra-cellular.  A 
simple  proof  of  the  latter  statement  can  be  obtained  by  baking  a  dough 
which  contains  yeast  cells  that  have  been  washed  to  remove  the  extra¬ 
cellular  metabolic  by-products  and  then  killed  by  heat.  The  odor  of 
the  baked  product  is  not  like  that  of  bread.  Furthermore,  it  is  probably 
better  to  call  the  substances  produced  by  yeast  bread  flavor  precursois 
rather  than  bread  flavors.  It  is  a  common  enough  obs^ervation  that  a 
well  fermented  dough  does  not  have  a  bread-like  smell  yet  the  same 
dough  subjected  to  the  baking  process  will  yield  during  the  latei  s  age. 
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tlie  characteristic  and  appealing  odor  of  bread.  It  is  the  author  s  belief 
that  the  actual  odorant  compounds  are  created  in  or  near  the  region  of 
the  crust  as  a  result  of  non-enzymatic  browning  reactions.  Participants 
in  this  reaction  would  be  some  of  the  unknown  extra-cellular  metabolites 
of  yeast  and  nitrogenous  substances  originating  mostly  from  the  flour. 
The  author  has  shown  that  fermentation  broths  from  which  the  cells 
have  been  removed  are  potent  contributors  of  bread-like  flavors  to  chemi¬ 
cally-leavened  baked  goods.  The  flavor  precursors  in  broth  are  subject 
to  rapid  deterioration  at  elevated  temperatures  or  if  access  to  oxygen  is 
facilitated.  They  can  be  preserved  to  a  limited  extent  by  freeze-drying 
the  broth. 

\Mien  yeast  cells  reach  about  140°F.,  as  they  do  shortly  after  baking 
commences,  the  semi-penneability  of  the  cell  membrane  is  destroyed. 
As  a  result,  the  low  molecular  weight  compounds  in  the  cytoplasm  may 
diffuse  out  through  the  cell  wall.  These  substances  may  have  a  definite 
effect  on  the  characteristics  of  the  product  since  the  gluten  is  not  coagu¬ 
lated  at  this  temperature  and  the  vesicle  walls  are  still  extending  as  the 
heat  continues  to  expand  the  contained  gases.  The  effect  of  these  reac¬ 
tions  has  never  been  adequately  investigated,  but  purely  qualitative 
observations  would  lead  one  to  believe  that  the  net  result  is  an  increase 
in  the  extensibility  of  the  vesicle  wall.  Such  compounds  as  reduced 

glutathione,  known  to  be  extractable  from  heat-killed  yeast,  might  have 
such  an  effect. 

Tile  peculiar  property  of  wheat  Hours  which  makes  them  indispensable 
for  the  preparation  of  light,  well-aerated  foods  such  as  bread  is  the 
ability  of  the  gluten  proteins  to  form  very  thin  continuous  films  which 
are  rather  impervious  to  carbon  dioxide  and  moisture  vapor  diffusion. 

lese  films  form  the  walls  of  the  gas  vesicles.  In  them  are  embedded 
the  starch  granules  and  other  particulate  masses  which  are  completely 
surrounded  by  the  thin  layer  of  hydrated  protein.  On  the  molecular 
e ,  le  gluten  films  are  probably  composed  of  networks  of  protein 
molecules  bound  to  each  other  by  relatively  strong  ionic  bonds  sLh  as 
fi-s-  and  by  weaker  hydrogen  bonds,  and  surrounded  by  vast  numbers 
0  water  molecules  bound  by  forces  of  varying  but  relatively  low  strength 
The  water  molecules  undergo  constant  exchange  with  the  “free”  wfter 

The  T  rT  constuuents  “ 

supersatura^rthf'^f  cells  eventually 

"f  part  of  the  dissolved  cas  at  a  «  .  .  j  ^  medmm  causes  evolution 

a  bubble  in  the  gluten  film  wll^  r  .  n"''- 

(lioxide  diffuses  into  the  open  spat"c"  "if  'tlhs''" 

pen  space,  it  this  process  were  allowed  to 


250 


BAKERY  TEC:I1N0L(K:Y  and  ENCINEEKTNG 


continue  witliont  interference,  the  dough  would  contain  few  vesicles  and 
all  would  have  thick  walls.  The  mechanical  punishment  to  which  the 
dough  is  subjected  at  various  stages  in  the  processing  procedure  snhdi- 
vides  the  bubbles,  increasing  their  number  and  decreasing  their  size. 
Although  most  of  the  vesicle  walls  are  ruptured  by  the  pressing  and 
beating  steps,  the  breaks  are  ([iiickly  sealed  as  a  result  of  the  elasticity 
and  cohesiveness  of  the  gluten. 


PROCEDURES  AND  FORMULATIONS  FOR  BREADS  AND  ROLLS 


Limitations  on  the  establishment  of  procedures  and  formulations  for 
veast-leavened  bakery  products  are  the  result  of  both  legal  and  technical 
considerations.  The  legal  limitations  arise  from  the  provisions  of  tho 
I'ederal  Definitions  and  Standards  for  Bakery  Products  (Anon.  1952) 
which  set  forth  requirements  for  white  bread,  enriched  bread,  milk 
bread,  raisin  bread,  whole  wheat  bread  and  the  equivalent  rolls  and 
buns.  The  technical  limitations  are  due  to  the  inherent  characteristics 
and  the  interactions  of  the  ingredients  and  the  processing  techniques 
w'hich  may  be  employed  in  the  manufacture  of  the  products. 

The  limitations  established  by  the  Federal  Definitions  and  Standards., 
are,  in  general,  (piite  lenient  with  respect  to  the  types  and  relative  pro¬ 
portions  of  Hour,  sugar,  shortening,  yeast,  and  salt  which  can  be  used.. 
The  only  processing  requirement  is  that  the  products  be  prepared  h\ 
“baking  a  kneaded  yeast-leavened  dough.”  Although  this  latter  limita¬ 
tion  seems  extremely  easy  to  comply  with,  it  does  exclude  any  productt 


leavened  wholly  by  chemical  agents. 

Permissible  ingredients  for  white  bread  are:  Hour,  including  bromatcd! 
Hour  and  phosphated  Hour;  yeast;  water,  or  an  optional  liquid  ingredient., 
salt;  shortening,  including  certain  specified  emulsifier  additives;  milk  on 
milk  products  in  quantities  less  than  necessary  to  quaMy  the  bread  a. 
milk  bread;  certain  milk  derivatives  such  as  buttermilk,  cheese  whe>, 
milk  proteins,  etc.;  eggs,  egg  yolks,  and  egg  whites; 
light  colored  brown  sugar,  honey,  corn  syrup,  etc.;  malted  ; 

pfeparations  made  from  malted  cereals;  inactive  dried  ■  “ 

cerevisiae  in  quantities  of  not  more  than  two  per  cent  of  the  floiii  use 
harmless  lactic-acid  producing  bacteria;  corn  flour,  potato  « 

rer  If  o  t  flourfised;  ground  de-hulled  -ybeans,  optmna  ly  . 

f  Icium  sulfate,  calcium  lactate,  calcium  carbonate,  dicalciiim  f 
ammonium  ijrosphate.  .tr rffei^ht  of  flour 
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ties  not  exceeding  ().()()75  per  cent  of  tlie  flour;  monocalcinm  pliosphate 
lip  to  0.75  per  cent  of  tlie  flour;  vinegar,  not  more  tlian  1  pint  of  lOO-grain 
vinegar  per  100  pounds  flour;  calcium  propionate,  sodium  piopionate, 
or  any  mixture  of  them  in  quantities  totalling  not  moie  than  0.32  paits 
per  100  parts  by  weight  of  flour;  sodium  diacetate,  not  more  than  0.4 
parts  per  100  parts  of  flour;  lactic  acid  in  amounts  sufficient  to  bring 
the  pH  of  the  finished  bread  to  pH  4.5  or  above;  and  spice,  spice  oils, 
and  spice  extracts.  In  some  cases,  label  declarations  of  some  of  the 
optional  ingredients  is  required.  In  addition,  the  total  solids  of  bread 
must  be  at  least  62  per  cent  of  the  total  weight. 

Anyone  engaged  in  new  product  development  should  have  a  copy  of 
the  Standards  readily  available  because  it  is  essential  to  comply  with 
them  if  the  product  is  to  be  offered  for  sale  under  any  of  the  above 
descriptive  names.  A  copy  can  be  obtained  for  five  cents  from  the 
Superintendent  of  Documents,  U.  S.  Government  Printing  Office,  Wash¬ 
ington  25,  D.  C. 

Examples  of  Formulations 

White  Bread  and  Rolls.— Satisfactory  white  bread  can  be  made  from 
flour,  water,  salt,  and  yeast  (or  a  “sour  dough”),  Italian  l^read  is  usually 
based  upon  this  simple  combination  of  ingredients,  and  French  or 
Vienna  breads  are  scarcely  more  complicated.  Such  breads  have  a  hard 
Cl  list  which  is  light  in  color,  a  coarse  and  tough  crumb,  and  a  flavor  which 
is  excellent  when  fresh  but  considerably  less  attractive  when  the  bread 
is  a  day  or  so  old.  Table  61  gives  example  of  formulations  which  hav'e 
been  suggested  for  these  products.  Formulas  may  vary  greatly  from 
one  bakery  to  another  and  between  different  sections  of  the  country. 


Table  61 

FORMULATIONS  FOR  FRENCH,  ITALIAN  AND  VIENNA  BREADS 


Italian 

Parts 


French 

Parts 


Flour 

Water  (variable ) 

V  east  (compressed ) 

Salt 

Sugar 

Shortening 


Vienna 

Parts 


100 

60 

1.75 

1.75 


100 

60 

1.75 
1  .5 
1.5 

9 


100 

60 

1.75 

1.75 

3 

3 


Of  coiuse,  the  formulas  sliown  in  Table  61  can  be  and  usnallv  are 

(7am^m  improvers,  yeast  foods,  mold  inhibitors,’ 

milk' solidT' The"''  ‘^''■■iching  ingredients  such 

s.  The  sponge  and  dough  process  is  usually  employed  in 
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COMPARATIVK  » ORMIII.AS  FOR  SOMl',  Wlll  ir.  PAN  BRKADS,  ETC:. 


Lean, 

Parts 

Home 

Style, 

Parts 

Premium, 

Parts 

Parts 

Army, 

Parts 

Buns, 

Parts 

School 

Lunch, 

Parts 

Flour 

100 

100 

100 

100 

100 

100 

100 

Water  (variable) 

60 

65 

60 

60 

60 

65 

74 

Salt 

2 

2.25 

3 

2 

2.5 

2.5 

2 

Sue^ar 

3 

3 

10* 

2.5 

3 

16 

4 

Milk  (dry  skim) 

2 

3 

4 

4 

6 

10 

12 

Shortening 

3 

9 

5 

9 

4 

Malt  syrup 

1 

2 

2 

1 

0.5 

Yeast  (compressed)  2 

3 

1.75 

2 

2 

4 

1  .7 

Butter 

8 

3 

Whole  eggs 

9 

. 

1  Half  honey  and  half  invert  sugar  syrup. 


making  these  breads.  The  flours  used  must  have  good  amylase  activity 
or  the  lack  of  fermentable  sugar  production  must  be  compensated  for  by 
added  diastatic  malt.  Strong  flours  are  desirable,  and  long  extraction 
flours  or  even  some  or  all  clear  flours  may  be  used. 

The  standard  low-density  soft-crust  breads  which  comprise  the  greatest 
proportion  of  white  bread  sold  in  this  country  include  much  greater 
quantities  of  enriching  ingredients  than  the  lean  breads  described  above. 
Table  62  gives  fonuulas  for  several  white  breads  varying  principally  in 
the  amounts  of  enriching  ingredients  required. 

Home-style,  army,  egg,  and  bun  formulas  are  usually  made  up  by  the 
dough  process  while  it  is  more  common  to  make  the  otheis  by  the  sponge 
and  dough  process.  It  is  customary  to  use  yeast  foods,  dough  improvers, 
mold  inhibitors,  etc.,  according  to  the  convictions  of  the  formulator  or 
the  conditions  imposed  upon  him  as  final  product  requirements. 

Whole  Wheat  and  Other  Specialty  Breads.— Breads  designed  to  take 
advantage  of  demands  for  unusual  flavors  or  for  special  nutritional 

Table  63 


formulas  for 

WHOLE  WHEAT,  RAISIN, 

AND  CHEESE  BREADS 

— 

Whole  Wheat, 

Cheese, 

Raisin, 

Parts 

Parts 

Parts 

Flour 

100> 

100 

57 

100 

62 

Water  (variable) 

62 

2 

2 

Salt 

2 

3  5 

2 

2 

Sugar 

o 

2 

4 

Milk  (dry  skim) 
Shortening 

2 

3 

n  ^ 

5 

5 

Malt  syrup 

U  .  D 

'X 

3 

3 

Yeast  (compressed) 

3 

10 

Dehydrated  cheddar 

50 

Raisins 

whole  wheat  Hour. 


1  Must  he  100  per  rent 
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qualities  can  assume  an  almost  unlimited  range  of  forms  and  contents. 
In  Table  63  are  listed  formulas  for  some  of  the  more  standardized 

varieties. 

Several  bread  varieties  of  rather  unusual  comimsition  which  have  been 
shown  to  have  good  commercial  possibilities  were  recently  described  by 
Pickering  ( 1956).  A  few  of  these  formulas,  adapted  to  the  style  used 
in  this  book,  are  given  below  to  illustrate  the  possibilities. 


Egg  Twist  Bread 

100  lbs.  bread  flour  (medium  strength) 
62  lbs.  water  (variable) 

2.125  lbs.  salt 
0.5  lb.  malt 

0.375  lb.  mineral  yeast  food 
5  lbs.  shortening 
5  lbs.  sugar 

5  lbs.  nonfat  milk  solids 
5  lbs.  egg  yolks 
2  lbs.  compressed  yeast 


Vitality  High  Protein  Bread 
too  lbs.  bread  flour  (high  gluten  type) 
70  lbs.  water  (variable) 

2.25  lbs.  salt 

2.125  lbs.  yeast 

0.25  lb.  mineral  yeast  food 

0.5  lb.  malt 

3  lbs.  shortening 

4  lbs.  nonfat  milk  solids 
6  lbs.  soya  flour 

5.5  lbs.  sugar 

1.5  lb.  wheat  germ 
0.5  lb.  molasses 


Old  Fashioned  Raisin  Molasses  Bread 
65  lbs.  bread  flour  (strong) 

35  lbs.  whole  wheat  flour 
67  lbs.  water  (variable) 

2.25  lbs.  salt 

2.25  lbs.  yeast  (compressed) 
0.375  lb.  mineral  yeast  food 
4  lbs.  shortening 
3  lbs.  molasses 
3  lbs.  bi  own  sugar 
^3  ll)s.  nonfat  milk  solids 
55  lbs.  seedless  raisins 
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Chuck  Wagon  Bread 
100  lbs.  bread  flour  (strong) 

76  lbs.  water  (variable) 

16  lbs.  rolled  oats 
2.25  lbs.  salt 
2.25  lbs.  yeast 
0.25  lb.  mineral  yeast  food 
5  lbs.  honey  or  dark  corn  syrup 
1.5  lbs  sugar 
4  lbs.  nonfat  milk  solids 
4  lbs.  shortening 


Breads  Requiring  “Sours” 

Rye  Bread.— The  most  popular  representative  of  this  class  is  rye  bread. 
It  is  true  that  rye  bread  of  a  sort  can  be  made  without  using  a  sour  dough, 
substituting  in  its  place  one  of  the  special  flavors  distributed  by  bakery 
supply  houses.  These  flavors  consist  usually  of  some  organic  acid  plus 
caraway  and  other  natural  and  artificial  flavors.  Most  quality  rye  breads 
are  prepared  with  commercially  available  dehydrated  sours  which  contain 
N’iable  micro-organisms  of  the  type  found  in  natural  sour  doughs.  A 
formula  using  such  a  preparation  is  given  below  (Anon.  1947). 


American  Light  Rye  Bread 


Sour  dough 

Light  rye  flour 
W'ater 

Dehydrated  rye  sour 
Dough 

Sour  dough 
Light  rye  flour 
Clear  flour 
Water  (variable) 

Yeast  (compressed) 

Malt  .syrup 
Salt 

Wdiole  or  ground  caraway 
Shortening 


23  lbs.  6  oz. 
15  lbs.  3  oz. 

1  lb.  7  oz. 

40  lbs. 

6  lbs.  10  oz. 
70  lbs. 

35  lbs. 

2  lbs. 

5  lbs. 

2  lbs.  4  oz. 
8  oz. 

1  lb.  8  oz. 


The  smir  comes  out  of  the  mixer  at  S0°F.  and  is  fermented  221 

,0^6  hours,  xt  dor,gh  conres  out  of  the  mixer  at  76«F.  and  .s  gnen. 

floor  time  of  1  to  L/ 2  hours.  ,  i  mi  from  one* 

Jirird-r;;:;  hty  <  a„d .. 

the  fiavoriug  adjmKXs  such  “ "'in  cmlor  ami  in  density)- 

The  formu  a  given  above  makes  a  K  latiM  i\  ngi  Upms- 

,  .  I  f  I  l,v,f  At  tlie  opim.site  end  of  tl-e  .spectrum  are  sucli  items 

but  flavorful  loaf.  At  riu  oi)pu.>  a  ip-ivening  action 

as  Westphalian  pumpernickel  winch  has  vntually  no  Icascnmg 
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and  contains  100  per  cent  whole  rye  in  the  form  of  slightly  broken 
kernels.  Westphalian  pumpernickel  is  a  very  dense,  dark,  and  chewy  loaf. 

Salt-rising  Bread.— Salt-rising  bread  is  an  unusual  specialty  which  owes 
its  unusual  texture  and  pungent  aroma  to  a  combined  yeast  and  bacterial 
fermentation.  It  was  formerly  prepared  by  using  a  natural  sour-dough 
method,  but  practically  all  of  the  product  now  being  made  in  this  country 
contains  a  commercial  dry  “yeast”  preparation  or  culture.  As  is  the  case 
with  many  strong-flavored  products,  it  exhibits  a  dichotomous  distribu¬ 
tion  of  acceptance,  many  people  finding  it  extremely  desirable  while 
others  dislike  it.  The  odor  is  said  to  be  reminiscent  of  cheese.  Since 
cheeses  can  be  found  with  a  wide  varietv  of  flavors,  most  of  which  are 
due  to  bacterial  action,  this  similarity  is  perhaps  not  unexpected. 

The  formula  and  procedure  given  below  are  attributable  to  Kohman 
(1955): 


Salt-Rising  Bread 


Cailtiirc  relnclration  step 
W^ater 

“Yeast”  culture 
Nonfat  dry  milk 
Sponge 
W^ater 
Flour 
Dough 
Water 
Flour 
Salt 
Sugar 
Shortening 
Nonfat  dry  milk 


6  Ihs. 

1  lb. 

12  oz. 

15  lbs. 

20  lbs. 

15  lbs. 

40  lbs. 

10  oz. 

1  lb.  4  oz. 

1  lb.  4  oz. 

10  oz.  (optional) 


le  salt-rising  culture  or  “yeast”  is  mixed  with  the  milk  powder.  The 
mixture  IS  added  to  boiling  hot  water  and  stirred  well.  The  rehvdrated 
cu  ture  IS  covered  and  kept  warm  (90°  to  1()0°F.)  for  about  nine  hours 
len  g«,s  l>eg,ns  to  torm,  the  preparation  is  stirred  and  allowed  to  stand 

e  tLTo  Do  not  allow 

tJie  cnltu.e  to  fennent  nnt.l  ,t  becomes  sour  and  thin  because  it  will  lose 
much  of  Its  gas  producing  ability. 

ISo'f  )'‘aTr  ‘ypyr',  of  the  total  water  (11()»  to 

whole  is  lightly  mixed.  The  sponge’™  mmi/“’rbout"^ 

. 
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In  making  the  dough,  the  remaining  half  of  the  water  is  heated  to 
120°  to  160° F.  and  the  shortening,  salt,  sugar,  and  milk  powder  are 
added.  The  dough  flour  is  then  added  along  with  the  sponge,  and  the 
mass  mixed  at  slow  speed  just  long  enougli  to  make  a  smooth  dough. 
The  dough  should  be  warm  (100°F.)  and  stiff  enough  to  handle  well 
by  machine  or  hand.  Scale  it  within  15  minutes  and  mold  the  dough 
pieces  as  soon  as  they  come  from  the  divider.  Avoid  chilling  the  dough 
at  any  time.  Fill  small  pans  half  full  of  the  dough  and  grease  the  tops 
of  the  dough  pieces.  Proof  approximately  one  hour  at  100°  to  115°F. 
until  the  dough  doubles  its  bulk  and  bake  at  the  usual  temperature. 

Salt-rising  bread  is  close-grained  and  firm  so  that  the  volume  is  only 
about  three-fourths  that  of  ordinary  white  bread.  The  loaves  have  a 
tendency  to  crack  on  the  sides,  so  it  is  customary  to  mold  the  loaf  in 
two  parts  or  to  pan  as  a  double  loaf  so  that  the  split  comes  in  the  middle. 

It  should  be  emphasized  that  this  loaf  cannot  be  made  with  ordinary 
bakers’  yeast,  either  compressed  or  dry.  The  hot  water  reconstitution 
step  would  completely  inactivate  any  preparation  of  Saccharomtjces 


cerevisiae.  ,  .  .  r  ^ 

Potato  Breacl.-Potato  bread  can  also  be  made  using  a  primary  ferment. 

Although  a  sour  dough  utilizing  the  action  of  wild  yeasts  on  a  potato 

mash  was  the  former  source  of  the  typical  flavor  of  potato  bread, 

more  common  now  to  use  a  mixture  of  bakers'  ye-t  potato  flour,  and 

water.  The  following  procedure  has  been  suggested  (Anon.  19.5-) . 


Primary  ferment 

Yeast  (compressed) 
Potato  flour 
Water  (85°F.) 
Dough 

Bread  flour 
Water  (cold) 

Yeast  (compressed) 

Sugar 

Salt 

Shortening 
Malt  extract 
Nonfat  dry  milk 


2  oz. 

J  2  oz. 
3  Ihs.  8  oz. 

12  lbs.  8  oz. 
5  lbs. 

2  oz. 
8  oz. 
5  oz. 
8  oz. 
1  oz. 
8  oz. 


Combine  the  ingredients  in  the  mix  in  the 

stand  until  it  rises  and  breaks  „f  medium 

stiftLs.  The  iloiigh  should  20  minutes. 

the  dough  come  to  a  fmn.ula  will  yield  22  lbs. 

Bound  and  mould  as  usual.  Ihc  .0>ovc 
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SWEET  DOUGHS 

There  are  two  major  classifications  of  yeast-leavened  sweet  doughs. 
These  are  the  remix  sweet  dough,  which  corresponds  in  a  general  way 
to  a  sponge  dough  product  in  the  bread  line,  and  the  straight  sweet 
dough.  By  varying  the  flavoring,  filling,  shape,  and  icing,  an  almost 
infinite  numher  of  kinds  of  cakes  and  rolls  can  be  made  by  these  two 
procedures. 

Sweet  doughs  are  much  richer  in  shortening,  milk,  and  sugar  than  are 
bread-type  doughs,  and  in  addition  they  usually  contain  whole  eggs,  egg 
yolks,  or  egg  whites,  or  the  corresponding  dried  products.  Commonly 
used  flavors  include  spices,  vanilla,  nuts  and  nut  pastes,  peels  or  oils 
of  lemon  or  orange,  raisins,  candied  fruits,  etc. 

A  typical  basic  formula  (Anon.  1953)  is  given  below. 


Straight  Sweet  Dough 


Bread  flour 

80  parts 

Cake  flour 

20 

Sugar 

20 

Bakers’  margarine 

20 

Whole  eggs 

20 

Nonfat  dry  milk 

5 

Nondiastatic  malt  syrup 

2 

Salt 

1 

Yeast  (compressed) 

8 

Water  (variable) 

42 

The  sugar,  margarine  ( for  which  emulsified  shortening  may  be  sub- 
tituted),  salt,  eggs,  malt  and  milk  are  creamed  together  until  homog- 
■nous  and  somewhat  aerated.  Then  the  flours  are  added  slowly  while 
aixmg-is  continued.  Finally,  the  water,  in  which  the  yeast  has  been 
lispersed,  is  mixed  in  and  the  dough  developed.  The  dough  should 

ome  out  of  the  mixer  at  about  80“F.  A  fermentation  period  of  about 
/ 4  hours  IS  usually  adequate. 

To  prepare  a  remix  sweet  dough,  the  above  formula  and  procedure 
■  followed  m  the  initial  stage.  After  fermentation,  about  20  to  22  pa  ts 
f  a  strong  flour,  1.3  to  14  parts  of  sugar,  13  to  14  parts  of  b,  ttf 
margarine,  or  emulsified  shortening  and  13  to  14  F  r  ^  ^ 

^ade  up  after  a  short  bench  rest  ^ 

’ocsrc";  '*? -'p  *■ 
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The  basic  formula  given  above  is  fairly  rich  altbougb  some  increase  in 
the  enriching  ingredients  can  be  tolerated  without  destroying  dough 
(juality.  The  enriching  ingredients  can  be  reduced  by  at  least  half  it 
a  relatively  lean  dough  is  desired.  As  these  ingredients  are  reduced, 
it  is  desirable  to  decrease  the  yeast  also  since  the  lowered  osmotic  pres¬ 
sure  will  tend  to  accelerate  yeast  activity.  The  absorption  should  be 
increased  a  few  per  cent  as  the  dough  is  leaned  down. 

The  function  of  the  enriching  ingredients  is  to  soften  the  texture  and 
make  it  flakier,  improve  the  taste  and  color,  and  increase  the  nutiitional 
quality  of  the  product. 

Dried  egg  products  can  he  used  in  sweet  yeast  doughs.  Although 
whole  eggs  are  called  for  in  the  preceding  formnla,  egg  yolks  can  be 
substituted  with  little  observable  change  in  the  quality  of  the  product. 
Liquid  skim  milk  or  whole  milk  in  equivalent  quantities  can  be  substi¬ 
tuted  for  the  nonfat  dry  milk.  Any  nondiastatic  malt  preparation  can 
be  used  to  replace  the  svrup.  In  place  of  the  bread  flour  and  cake  Hour 
mi.xture,  flours  milled  specifically  for  a  sweet  dough  operation  can  be 
substituted  with  advantages  in  economy  and  convenience.  coiiise, 

N-arious  dough  improvers  and  yeast  foods  can  be  addeil  to  the  formu  a 

with  the  usual  equivocal  results. 


DANISM  PASTRY 

The  distinguishing  feature  of  Danish  pastry  preparation  is  the  inter- 
le  ivini:  of  dough  sheets  with  lavers  of  fat.  In  this  re.spect  t  le  pioces. 
IVsiliblai  t:l  tiuit  used  with  putt  pastry.  However,  the  only  leaveinng 
action  occurring  in  puff  pastry  results  from  the 

the  oven  while  Danish  pastry  dough  contains  enough  >east  „ 
tilt  oven  w  When  properlv  made,  these  dough 

porous  structuie  to  the  ciumo.  vvi  ^  ^  thrpp-dimensiona 

vill  yield  baked  products  that  are  flaky  and  short.  The  ^  - 

I,  i..™i ...  .'..I..."  J  ,, 

;;r“  ... .... .■.«'« » 

. 

the  product  goes  into  the  oven.  Dannd  1  tWek- 

cold.  The  usual  procedure  is  to  ^  ,,gaiii. 

piece  of  dough,  fold  the  piece  ov  ,  ^  niaiiy-layered  structurn 

;^::::n;::ih!:m!:rd::rhL^™u.d  eventual  attainment  of  teiiv. 
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peratures  sufficiently  high  to  melt  the  shortening  and  allow  the  dough 
layers  to  merge. 

Danish  doughs  do  not  ordinarily  receive  much  fermentation.  An 
initial  short  period  of  20  to  30  minutes  in  the  refrigerator  before  the 
fat  is  rolled  in  allows  some  gas  and  flavor  to  be  developed.  Then  the 
dough  is  usually  refrigerated  between  eaeh  series  of  sheetings  and  in 
each  of  these  cases  some  fermentation  will  oceur.  Proof  time  is  short, 
usually  20  to  30  minutes,  and  this  at  temperatures  below  room  tem¬ 
perature. 

The  following  formula  and  procedure  for  making  Danish  pastry  has 
been  given  by  Wihlfahrt  (1935). 


Danish  Pastry  Procedure 
Cream  until  light: 


Sugar 

12  oz. 

IVIalt 

4  oz. 

Butter 

1  11). 

Vanilla 

1  oz. 

Add  to  creamed  mixture: 

Whole  eggs 

J  lb. 

Egg  yolks 

8  oz. 

Mix  together  and  add  to  above: 

Milk  (cold) 

4  lbs. 

4  oz. 

Yeast 

10  oz. 

Add  while  mixing: 

Hard  wheat  flour 

5  lbs. 

Soft  wheat  flour  2  lbs. 

Blend  together  and  roll  in  immediatelv  after  mixing- 
Rutter  4  Jbs. 

Pastry  shortening  2  lbs. 

V.k' *^5  minute  inter- 
.  making  tour  folds  each  time  and  keeping  the  dough  quite  cold 

forreTuDanSTaf^rs'.'’’  ' 


I'KOCEDURES-GENERAL 
The  Sponge  and  Dough  Process 

staTl!  r"rr "  f'’  of  two  distinct 

tagT’  The  n"  second  the  dough 

tage.  The  sponge  usually  contains  from  ‘A  to  V.  of  the  flour  7n  f 

the  yeast,  yeast  foods,  and  malt  together  w^-fh  ^  l  ^ 

it  stiff  dough  Addition  of  dl  ’  *.^11  enough  water  to  make 

at  this  stake  alZXt 

three-fourths  of  the  salt  may  be  addTdTo\he 

y  oe  aclclecl  to  the  sponge  to  control  fermen- 


260 


BAKERY  TECHNOLOGY  AND  ENGINEERING 


tation.  The  sponge  is  femiented  until  it  begins  to  decline  in  volume, 
a  phenomenon  called  '*the  drop  or  the  break.  The  time  required  for 
this  to  occur  is  of  course  dependent  upon  too  many  variables  (tempera¬ 
ture,  type  of  flour,  amount  of  yeast,  absorption,  amount  of  malt,  etc.) 
to  permit  any  meaningful  rule  to  be  enunciated  here.  Frequently  the 
variables  are  adjusted  to  give  a  drop  in  about  3  to  5  hours. 

At  the  dough  stage,  the  sponge  is  returned  to  the  mixer  and  all  of 
the  remaining  ingredients  added.  The  dough  is  developed  to  a  peak 
and  then  is  returned  to  the  fermentation  room. 

An  extensive  discussion  of  the  techniques  involved  in  judging  adequacy 
of  dough  development  would  be  out  of  place  here.  When  tested  by  ob¬ 
jective  measuring  techniques,  optimum  development  is  frequently  taken 
to  be  the  stage  at  which  the  dough  mass  exhibits  maximum  resistance 
to  shear.  Visually,  the  development  is  usually  considered  to  be  opUmal 
when  the  dough  mass  exhibits  a  silky  sheen  and  is  thrown  around  the 
mixer  bowl  in  one  piece  which  stretches  elastically  from  the  mixer  arm 
but  does  not  break  into  pieces.  When  a  piece  of  the  dough  .s  removed 
from  the  mixer  and  stretched  witli  the  Bngers,  a  thin  fi  m  can  he  formed 
which,  when  viewed  by  transmitted  light,  has  a  wehbed  appearance. 
Judging  dough  development  with  any  degree  of  accuracy  lequues  con 
idemble  skill  which  can  be  acquired  only  by  experience.  F-quendy. 
'(dxing  personnel  achieve  an  ability  to  estimate  the  stage  o  develoi- 
ment  by  the  sound  of  the  dough  as  it  slaps  the  mixer  bowl.  This  s  d„ec 

rr  ?^corl1  to  pylfr  (1952),  the  advantages  of  the  sponge  method 

,,ere  is  a  saving  appr— riri^rgi: 

"''^orBladTo^ced  by  the  sponge  and  doiigli  method  tends  to. 
bav^  re'^er  vo^ime  and  a  more  desinih.e  textme  a^d  rm„. 

straight  doughs  which  must  be  extra  handling 

Disadvantages  of  the  sponge  ,„el  the  second 


sponge  F^ght  dough  process  which  have  been  siiggcslcc 


Variations 
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to  overcome  some  of  its  disadvantages  include  tlie  remixed  straiglit 
dough  process  in  which  the  only  ingredient  added  at  the  second  mix 
is  a  small  proportion  of  the  water,  and  the  no-punch  method  which 
involves  extremely  vigorous  mixing.  Continuous  mixing  processes  can 
be  considered  either  as  straight  dough  methods  or  as  sponge  methods 
in  which  the  “sponge”  consists  of  the  liquid  ferment.  From  the  stand¬ 
point  of  performance  of  the  flour,  it  is  more  logical  to  consider  them 
to  be  straight  dough  processes. 

Calculating  Dough  Temperatures 

The  following  empirical  method  has  been  suggested  (Anon.  1950) 
For  determining  the  temperature  to  which  the  ingredient  water  must 
be  lowered  ( or  the  ice  required )  to  yield  the  desired  dough  temperature. 

Factors  required  to  be  known  in  order  to  make  the  calculations  are: 
;i)  desired  dough  temperature;  (2)  temperature  of  the  flour;  (3)  tem- 
Derature  of  the  mixing  room;  and  (4)  machine  allowance,  which  ac¬ 
counts  for  the  heat  accumulated  during  the  mixing.  The  latter  factor 
vill  vary  with  the  type  of  mixer,  the  size  of  the  dough,  etc.  It  can  be 
estimated  by  multiplying  the  exact  temperature  of  a  freshly  mixed  dough 
)y  three,  and  then  subtracting  from  the  product  the  sum  of  the  exact 
emperaures  of  the  flour,  water,  and  mixing  room. 


Example: 

Dough  temperature  =  80  °F. 
80  X  3  =  240 


Flour  temperature  =  70  °F. 

Water  temperature  =  64°F. 

Mixing  room  temperature  =  78°F 

70  -f  64  +  78  =  212 

Machine  allowance:  240  —  212  =  28 


boukrbe’'  fhy  temperature  of  ingredient  water  wl.ich 


Example: 

Desired  temperature  =  80°F 
80  X  3  =  240 
Machine  allowance  = 

Flour  temperature  — 

Mixing  room  temperature 

Total 


28 

70 

78 


\T  i 

Accessary  water  temperature 


176' 


176°  =  nqop 
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In  order  to  detennine  the  amount  of  ice  reiinired  to  reduce  tlie  tem¬ 
perature  of  tap  water  to  the  desired  teinperatnre,  subtract  the  desired 
temperature  from  the  measured  temperature  ot  tlie  tap  water,  multiply 
this  difference  hy  the  total  weight  of  water  to  he  usetl  in  tin  dou^h 
batch,  and  divide  the  product  by  144  (one  pound  of  ice  at  32  F.  absorbs 
144  B.t.n.’s).  The  resnlting  figure  gives  the  number  of  pounds  of  ice 
required.  Deduct  this  amount  from  the  total  pounds  of  water  in  order 
to  determine  the  amount  of  tap  water  to  be  used  with  the  ice. 


Example: 

Tap  water  temperature  =  78°  ^ 

Water  reciuired  for  the  dough:  240  Ihs.  at  64 
78°  -  64°  =  14° 

14°  X  240  lbs.  =  3360 

3300  144  =  231/3  Ihs.  of  ice  retiuired 

240  —  23/ '3  =  2 16“/ 3  Ihs.  of  tap  water 


CAUSES  OF  SOME  DEFECTS  IN  BAKERY  FOODS 
1„  this  section,  an  attempt  will  be  made  to  snnnnarize  some  of  the 
fundamental  canses  of  defects  in  bakery  goods.  Bread  ™ 
principal  e.xample  because  it  seems  to  he  more  sensitive  to  sm.dl  cl  a 
h  formulation  or  processing  than  other  yeast-leavened  food  .  Most  o 
the  imints  brougld  out  here  are  also  applicable  to  sweet  doughs  and 

simihir  products. 


i:)efects  of  Volume 


erects  or  v  uiumc 

'I'hese  are  caused,  of  course,  by  unusually  large  or  unusual  y  siiia  ^ 
••reeV'  by  'Aithonl^^^flases  oth^’S/cIrbon  choxX'ail  present: 

of  the  product,  their  amounts  are  cause  oB 

-- ts  St; 

may  be  relatively  norma  ,  /usuallv)  on  the  low  side,  h 

abnormal  retention,  eithei  on  t  le  ng^^^^  possible  that  the  character’' 

the  retention  of  gas  is  too  ng  i  o  ,vji|  do 

istics  of  the  Hour  have  changec .  Excess  distentioi 

crease  the  ability  of  the  ^  of  them  to  ruptuies 

of  the  gas  cells  during  proo  "b  „f  ti,e  pan 

appment  changes  in  specific  volume,  h 
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addition,  there  are  apparent  defects  in  specific  volume  (volume  divided 
by  weight )  which  are  the  result  of  improper  scaling.  The  most  scientific 
criterion  for  this  characteristic  is  the  specific  volume,  and  such  standards 
as  the  height,  width,  or  sales  manager’s  opinion  are  of  little  value. 

If  the  volume  of  evolved  gas  is  the  cause  of  the  fault,  the  abnormality 
will  usually  have  had  its  origin  in  one  of  the  following  four  things:  (1) 
wrong  proofing  conditions— time,  temperature,  or  both;  (2)  wrong  amount 
or  quality  of  yeast;  (3)  different  diastatic  activity  than  usual,  or  (4) 
variation  in  the  amount  of  substances  which  accelerate  or  inhibit  the 
fermentative  activity  of  yeast  (salt,  phosphates,  thiamin,  etc.). 


Defects  of  Crust  Color 


The  color  of  the  crust  originates  from  the  reactions  of  nitrogen-con¬ 
taining  substances  with  reducing  substances  in  the  surface  layers  of  the 
dough  piece.  The  speed  of  these  reactions  is  dependent  upon  the 
relative  concentration  of  the  reactants  and  the  physical  conditions  under 
which  they  react.  The  two  most  important  of  the  latter  are  probably 
the  pH  and  the  temperature.  The  rate  of  dehydration  of  the  crust  layers 
is  very  important  to  the  speed  of  color  formation.  Dehydration  to  very 
low  moisture  contents  concentrates  the  reactants  to  high  levels  and  per¬ 
mits  the  temperature  to  rise  above  the  boiling  point  of  water.  Under 
these  conditions  the  rate  of  browning  increases  enormously.  Thus  it  is 
possible  for  the  crust  to  take  on  a  dark  color  while  the  crumb  does  not 
noticeably  change  in  hue.  As  a  rule,  browning  reactions  of  the  type 
we  are  considering  take  place  much  more  rapidly  under  conditions  of 
alkaline  pH  than  they  do  under  the  moderately  acid  conditions  found 
in  the, crumb.  It  may  be  that  the  reactions  in  crust  are  self-catalyzed, 
since  nitrogen,  probably  in  the  form  of  ammonia,  seems  to  be  released 
by  the  reaction.  This  ammonia,  though  transient,  could  temporarily  raise 
the  pH  to  high  levels  in  the  crust  layers. 


The  concentration  of  the  nitrogenous  reactants  in  doughs  should  re¬ 
main  relatively  constant  unless  a  considerable  difference  in  flour  specifi¬ 
cations  is  encountered.  More  of  the  reactive  end  groups  can  be  released 
or  the  reaction  by  adding  fungal  protease  to  the  dough.  Deficient 
re  ucing  sugars  may  be  due  to  imbalance  of  yeast  activitv  and  yeast 
substrate.  The  reducing  sugars  can  be  increased  bv  using  lactose,  either 
as  skim  milk  solids  or  dried  whey.  Since  lactose  is  not  fermented  bv 
yeast.  It  can  be  added  in  required  amounts  without  much  affecting  gas 
production  some  ettect  due  to  increased  osmotic  pressure  mav  be  noted 
ery  high  addition  rates).  Increasing  top  heat  in  the  oven  or  de¬ 
creasing  bottom  boat,  will  tend  to  darken  the  crust.  If  the  baking 


264 


BAKERY  tp:c:iin()lo(;y  and  engineering 


container  shields  any  part  of  the  dough  from  tlie  radiant  heat  of  the 
oven,  a  lessened  crust  color  can  be  expected. 


Defects  of  Taste  and  Aroma 


Flour  is  a  remarkably  good  adsorber  of  aromatic  compounds.  Paint, 
tobacco,  solvents,  and  certain  disinfectants  are  common  odorous  con¬ 
taminants  of  flour.  Contacts  rarely  occur  in  the  mill  under  present  condi¬ 
tions,  but  may  occur  during  shipment  or  storage.  Musty  odors  due  to  the 
use  of  inferior  wheat  or  overlong  storage  of  the  flour  are  possible  but 
rarely  occur  in  practice.  Any  of  these  odors  present  in  the  flour  will  carry 
through  in  some  degree  to  the  finished  baked  goods. 

Other  ingredients  in  which  off-flavors  may  occur  are  the  shortening, 
especially  butter,  milk,  and  even  the  water.  Any  raw  material  procured 
from  a  reliable  manufacturer  can  be  expected  to  be  of  good  flavor  quality. 
Only  in  very  unusual  circumstances  will  this  be  found  to  be  untrue. 
More  likely  sources  of  off-flavor  are  the  means  of  transportation,  storage 

areas,  and  equipment  used  in  the  bakery. 

Deficient  flavor  is  usually  due  to  the  use  of  insufficient  salt  or  to  inac  e-  ■ 
quate  fermentation.  The  remedy  for  the  former  is  self-evident,  and  the- 
latter  can  be  corrected  by  increasing  the  time  or  the  temperature  of  er-  - 
mentation  at  any  of  the  stages.  Care  should  tie  used  in  accepting  a  diag-- 
nosis  of  deficient  flavor,  since  it  is  rather  clear  that  the  great  majority  o 
consumers  actually  prefer  a  bread  of  hland  flavor.  Sour  or  acid  flavor 
may  be  due  to  over  fermentation  and  the  corrective  measures  in  this  case 

are  obvious. 


Defects  of  Grain 


Gross  unevenness  of  grain,  e.g.,  holes,  streaks,  and  lumps,  is 
adequate  sealing  of  the  dough  layers  by  the  moulder  or  to  ^essive  J  - 
ingliur  or  divider  oil.  Formation  of  an  unusually  thick  and  dry 
during  intermediate  proofing  will  also  cause  such  defects. 

Coarse  grain  can  be  caused  by  doughs  which  are  too  old  oi  too  s  ac  ^ 

oC"  Grli 

liave  been  shown  to  cause  ''ojat"'ely  ‘  _  niiiform 

The  crumb  color  is  greatly  affected  ly  g  retrardless  oj 

cell  size  arc  attributes  contributing  to  whiteness 

the  backgrou.Kl  color  of  ^  eoutci'it  of  bran  pigmeiib 

. . .  . . . . . 
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sj)erni. 

Defects  of  Symmetry 

Defects  in  the  shape  of  the  loaf  generally  originate  during  molding  or 
during  placement  of  the  dough  in  the  pan.  If  the  molder  is  compressing 
the  dough  cylinder  too  much,  a  loaf  which  is  enlarged  at  the  ends  may 
result.  If  the  compression  is  too  slight,  the  loaf  may  be  peaked  in  the 
center.  Dough  which  is  overproofed  or  made  from  weak  flour  may  be 
the  cause  of  misshapen  loaves. 

Defects  of  Break  and  Shred 

Lack  of  shred  may  be  due  to:  (1)  excessive  pan  proofing;  (2)  exces¬ 
sive  proof  room  humidity;  (3)  extremely  young  or  extremely  old  dough; 
(4)  too  little  steam  in  the  oven,  or  (5)  slack  dough. 

A  very  ragged  break  or  shell  tops  may  be  caused  by:  (1)  slightly 
young  or  slightly  old  dougli;  (2)  crusting  during  pan  proofing;  (3)  stiff 
dough;  (4)  excessive  salt;  (5)  underproofing;  (6)  excessive  top  heat;  (7) 
chilled  doughs;  (8)  lack  of  salt;  (9)  hot  flour  or  over  aged  flour;  (10)  over 
bromating;  (11)  too  much  dough  in  the  pan;  or  (12)  insufficient  milk  or 
shortening. 

Defects  of  Texture 

In  this  category  it  is  desirable  to  consider  not  only  the  usual  texture 
judgment  arrived  at  by  feeling  the  crumb  with  the  fingers,  but  also  the 
“mouth  feel”  or  what  some  authors  call  “mastication.”  These  character¬ 
istics  are  closely  related.  No  doubt  the  mouth  feel  is  the  more  sensitive 


of  the  two  judgments. 


Texture  is  partly  a  function  of  the  grain  size  and  uniformity  and  partly 
a  function  of  the  inherent  elasticity  and  resistance  to  shear  of  the  basic 
material.  The  adhesiveness  of  the  crumb  may  also  play  a  part.  Doughi¬ 
ness  or  similar  qualities  should  cause  suspicion  of  excess  absorption, 
Nvrong  shortening  or  emulsifier,  insufficient  baking  time  or  temperature' 
or  excess  fermentation.  Crumbliness  might  be  caused  by  insufficient 

absorption,  very  weak  flour,  excessive  baking  time  or  temperature  or 
insutticient  fermentation. 


Anon.  1947.  Fleischmann 
brands,  Inc.,  New  York. 
Anon.  1950.  Fleischmani 
New  York. 
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CHAPTER  10 


Formulating  and  Processing 
Chemically  Leavened  Goods 


CHEMICAL  LEAVENING  AGENTS 

Gas  Sources 

Carbon  dioxide  is  the  only  gas  currently  used  for  aerating  chemically 
leavened  bakery  products  although  oxygen  derived  from  hydrogen 
peroxide  has  been  patented  as  a  leavening  agent.  The  source  of  carbon 
dioxide  is  usually  sodium  bicarbonate,  although  ammonium  carbonate 
and  bicarbonate  are  sometimes  used  in  cookies,  and  acetone  dicarboxylic 
acid  has  been  suggested  and  perhaps  used  experimentally.  Both  of  these 
latter  compounds  decompose  completely  upon  the  application  of  heat  and 
do  not  require  added  acids  as  does  soda.  Potassium  bicarbonate  has  been 
employed  as  a  component  of  leavening  mixtures  for  baked  products 
intended  for  sodium-free  diets,  but  it  is  very  hygroscopic  and  tends  to 
impart  a  bitter  flavor  to  the  foods  in  which  it  is  used. 

The  popularity  of  sodium  bicarbonate  as  a  gas  source  is  based  upon 
its  low  cost,  lack  of  toxicity,  ease  of  handling,  tasteless  end  products,  and 
high  purity  of  the  commercial  product.  An  additional  advantage  is  that 
its  solutions  tend  to  be  less  alkaline  than,  for  example,  the  carbonates,  so 
that  localized  areas  of  very  high  alkalinity  are  less  apt  to  be  formed  as 
the  granules  dissolve  in  dough.  It  has  some  disadvantages  also.  Among 
them  are  its  speed  of  solution  at  room  temperature,  a  factor  which  reduces 
the  arhount  of  control  over  its  action. 

Specifications  for  soda  should  include  a  purity  requirement,  generally 
99.9  per  cent,  and  particle  size  requirements.  The  latter  are  determined 
by  the  use  for  which  the  soda  is  intended.  A  powdered  sodium  bicar¬ 
bonate,  65  to  75  per  cent  of  which  will  pass  through  a  200-mesh  screen, 
is  suitable  for  self-rising  flour,  pancake  flour  mixes,  and  other  mixes  which 
can  be  used  soon  after  preparation.  Granular  soda  must  be  used  in  mixes 
which  have  an  expected  shelf  life  of  more  than  a  few  months.  Particles 
which  are  too  large  may  cause  erratic  bakeout  and  lead  to  brown  or  black 
spots  on  the  crust.  Common  requirements  for  granular  soda  are  that 
IW  per  cent  shall  pass  through  an  80-mesh  sieve  and  75  per  cent  or  less 
shall  pass  through  a  200-mesh  sieve.  A  complete  particle  size  analvsis  of 
the  two  types  of  soda  is  given  in  Table  64. 


SA^,l,KU  A.  SUT■^  is  Head.  Refrigerated  D.,„gl,  Laboratory,  Borrle.r  Foods  Conrpany. 
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BARTICl.K  SIZE  I)IS  I  RIBUTION  IN  TWO  TYPES  OF  SODa' 


Sieving  Distribution 

Granular 

Soda 

Per  cent 

Fine 

.Soda 

Per  cent 

Over 

Mesh  Size 

Through 

Mesh  Size 

48 

0 

0 

65 

48 

0.5 

0.1 

80 

65 

0.5 

0.2 

115 

80 

4.1 

0.7 

150 

115 

41.3 

1  .4 

180 

150 

39.7 

5.5 

200 

180 

5.6 

6.0 

200 

8.3 

86.1 

*  Adapted  from  Van  Wazerand  Arvan  (1954). 


When  sodium  bicarbonate  is  dissolved  in  water,  a  mixture  of  sodium 
ions,  carbonate  ions,  bicarbonate  ions,  imdissociated  carbonic  acid  and 
dissolved  carbon  dioxide  results.  The  proportions  of  the  last  four  com¬ 
ponents  are  detennined  by  the  temperature  of  the  water,  the  concentration 
of  hydrogen  ions  ( which  is,  of  course,  related  to  the  amount  of  added 
soda),  and  the  partial  pressure  of  carbon  dioxide  over  the  solution.  When 
other  substances  are  added  to  the  water,  the  situation  becomes  much  more 
complex,  and  calculations  of  theoretical  yields  from  doughs  give  values 
which  differ  by  unpredictable  amounts  from  the  observed  volumes.  How¬ 
ever,  predictions  of  the  direction  of  changes  resulting  from  most  variations 

can  at  least  be  made. 

Considerable  amounts  of  carbon  dioxide  can  exist  in  solution  above 
pH  8.  Below  the  point  of  neutrality,  very  little  of  the  compound  exists  in 
solution,  and  below  pH  6  the  amount  present  can  be  considered  neglipble 
for  most  purposes.  In  more  complex  systems,  especially  those  involving  ^ 
colloidal  components,  much  carbon  dioxide  (in  one  or  the  other  o  is 
forms)  can  exist  in  a  “bound”  state.  Evidently  the  ions  can  be  held  by 
loose  bonds  to  the  electrophilic  sites  on  proteins  and  other  compounds.. 
These  bonds  are  evidently  weak  and  are  readily  broken  at  higher  tempera- ^ 
tures  or  by  competition  for  the  carbon  dioxicle-eontaming  ion  by  increased 

“Twlntton'^of  carboirdioxide  from  pure  solutions  of  sodium 

is  slow  especially  near  room  temperature.  When  soda  is  added  to  ‘  ’ 

ofirf ‘ittim^-Le  iidd^^ 

result  of  yeast  activity. 
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[<ea veiling  Acids 

The  tmiction  of  a  leavening  acid  is  to  promote  a  controlled  and  nearly 
ximplete  evolution  of  carbon  dioxide  from  a  dough  in  which  the  latter 
compound  exists  in  its  dissolved  or  bound  forms.  Obviously,  the  acid 
nust  be  edible  and  yield  edible  and  nearly  tasteless  end  products,  it 
;hould  exist  in  the  solid  form  at  normal  storage  temperatures,  it  should 
le  economical  and  easy  to  handle,  and  it  should  not  have  any  bad  effects 
m  gluten.  Several  acids  meeting  these  requirements  and  having  the 
capacity  to  release  gas  from  doughs  at  useful  rates  have  been  developed. 
)ome  of  these  are  listed  in  Table  65.  It  should  be  emphasized  that  the 


Table  65 


SOME  COMMON  LEAVENING  ACIDS 


Common  Speed  at  Neutral- 

Chemical  Name  or  Room  izing 

Chemical  Name  Formula  .Abbreviation  Temperature  Valued 


/lonocalcium  phosphate 
monohydrate 
donocalcium  phosphate 
anhydrous 
)icalcium  phosphate 
dihydrate 

odium  acid  pyrophos¬ 
phate 

lodium  aluminum  sulfate 
odium  aluminum  phos¬ 
phate  hydrate 
odium  aluminum  phos¬ 
phate  anhydrous 
*otassium  acid  tartrate 

llucono-delta-lactone 


CaH4(P04)2H20 

MCPH2O 

Very  fast 

80 

CaH4(P04)2 

MCP 

Slow 

83 

CaHP04-2H20 

DCP 

None 

33 

NaoHiPrOy 

SAPP 

Slow  to  fast 

72 

Na2S04-Al2(S04)3 

SAS 

Slow 

100 

? 

SAPH2O 

Slow 

100 

p 

SAP 

Medium 

no 

KHC4H406 

Ci  eam  of 
tartar 

Medium  fast 

50 

CeHioOe 

GDL 

Slow 

55 

‘Parts  by  weight  of  sodium  bicarbonate  which  will  be  neutralized  bv  100  n)rt«  nfth..  _  j  j 

r<i,zed  co„d„io„.  N.„„ali.i„g  value,  may  vary  greatly  a.  doLgh  rom7«W™  ifcha„ged  *  "" 


mounts  of  acid  required  to  give  neutrality  or  any  desired  pll  in  a  baked 

■roduct  may  be  quite  different  from  the  amounts  calculated  on  the  basis 
I  the  neutralizing  value. 

The  compounds  listed  in  Table  65  are  not  "acids”  in  the  usual  chemical 
ense  of  the  word.  The  phosphates  and  cream  of  tartar  are  actually  metal 
alts  of  partly  neutralized  acids,  while  others  such  as  sodium  aluminum 
ate  react  with  water  to  liberate  acids.  The  initial  pH  of  water  solu 
ions  of  these  compounds  is  often  in  the  range  of  pH  4  to  pH  5  and  thk 

amulaV  of  ^tL'^se  '‘"'^“''ened  doughs.  The’ chemical 
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size  and  form  also  luive  important  modifying  actions.  For  example,  com¬ 
panies  specializing  in  leavening  acids  usually  offer  several  types  of  sodium 
acid  pyrophosphate.  Although  the  chemical  formulas  of  the  main 
constituent  are  the  same  and  analysis  reveals  variations  only  in  the  trace 
elements,  the  slowest  reacting  member  of  the  series  will  promote  an  initial 
rate  of  gas  evolution  many  times  slower  than  the  rate  given  by  the  fastest 
reacting  member. 

According  to  Tucker  (1959)  there  is  some  evidenee  that  the  activity  of 
enzymes  in  flour  can  change  the  reactivity  of  sodium  acid  pyrophosphate, 
particularly  the  slow-reacting  type.  He  has  evaluated  certain  flours  which 
speeded  up  the  reaetion  of  slow-type  sodium  acid  pyrophosphate  to  three  ^ 
or  four  times  the  normal  rate.  Freshly  milled  flours  from  new-crop  wheat  ' 
were  particularly  potent  in  this  respect. 


Baking  Powder 

According  to  the  definition  issued  by  the  federal  government,  “baking- 
powder  is  the  leavening  agent  produced  by  the  mixing  of  an  acid  reacting ^ 
material  and  sodium  bicarbonate,  with  or  without  starch  or  flour;  it  yields- 
not  less  than  twelve  per  cent  of  available  carbon  dioxide.  The  acid  leact-- 
ing  materials  in  baking  powders  are:  (1)  tartaric  acid  or  its  acid  sa  ts; 
(2)  acid  salts  of  phosphoric  acid;  (3)  compounds  of  aluminum;  or  (  ) 
anv  combination  in  substantial  proportions  of  the  foregoing.” 


'I’ablk  66 

rVFKIAI.  BAKING  POWDER  EORMGEAS' 


Component 


Soda  (semi-gianular  or  graniilai 
Monocalcium  phosphate 
Sodium  aluminum  sulfate. 
Sodium  acid  pyrophosphate 
Cream  of  tartar 
C’-alcium  lactate 
Corn  starch 
Calcium  carbonate 


Household  Types 

Bakers’  Types 

\  B 

C 

1) 

A 

B 

C 

Lbs. 

Lbs. 

_ _ _ 

27  30 

30 

30 

30 

30 

30 

1  0 

38 

12 

12 

5 

1  / 

23 

23 

23 

36 

42 

47 

2 

28 

7 

24  32 

35 

28 

7 

27 

28 

J  Adapted  from  (Anon.  1953). 


,  •  .f  fov  twelve  per  cent  of  available  carbon  dioxide  conk 

The  requirement  toi  twelve  pei  ce  sodium  bicari 

theoretically  be  satisfied  by  including  abo,  ^  ^  J  ,,„,,te  fo 

bonate.  However,  the  necessity  tor  a  -  >  «  "  ’  ,\eld  in  an;, 

loss  of  gas  in  storage  and  other  ^  to  c 

-  remainder 
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)f'  tlic  linking  powder  consists  of  leavening  acids,  fillers  and  diluents  such 
IS  the  starch  and  Hour  mentioned  in  the  above  definition,  and  compounds 
inch  as  calcium  lactate  or  hydrated  calcium  silicate  (Miller  1960)  which 
lave  a  modifying  effect  on  the  evolution  of  carbon  dioxide  from  the 
ystem.  There  is  ample  evidence  that  the  diluents  are  not  entirely  inert, 
lilt  serve  to  inhibit  premature  reaction  of  the  leavening  components  due 
o  moisture  pick-up  during  storage  and  to  modify  to  some  extent  the 
eaction  rates  during  the  first  stages  of  mixing. 

Table  66  gives  suggested  compositions  for  some  typical  baking  powders. 
The  compounding  of  leavening  mixtures  such  as  these  requires  a  high 
legree  of  skill  and  experience.  Except  in  very  large  baking  plants,  it  will 
irobably  be  found  desirable  to  purchase  prepared  baking  powders. 

ORMULATION  AND  PROCESSING  OF  CHEMICALLY  LEAVENED  GOODS 
"unction  of  the  Ingredients 

The  gluten  proteins  of  the  flour  serve  as  the  basic  structural  element  in 
‘hemically  leavened  foods,  just  as  they  do  in  bread.  However,  the  use 
>f  relatively  smaller  amounts  of  flour,  the  weaker  ( less  extensible )  protein 
n  the  soft  wheat  flours  which  are  customarily  employed,  and  the  lower 
:mount  of  protein  in  the  flour,  result  in  a  softer,  crumblier  texture  in  cakes 
nd  similar  products.  In  most  chemically  leavened  foods,  the  protein  of 
he  flour  is  inadequate  in  quantity  and  quality  to  support  an  expansion 
.f  the  extent  found  in  bread  so  that  they  are  of  higher  density  than  the 
itter  product.  Table  67  lists  some  specifications  for  soft  wheat  flours 
titended  for  use  in  particular  types  of  chemically  leavened  foods. 

In  addition  to  their  obvious  function  as  sweeteners,  sugars  have  a  ten- 


Table  67 


COMPOSITION  AND  USES  OF  SOFT  WHEAT 


FLOURS 


Bakery  Products 
in  Which  the  Flour  is  Used 


tngel  Food  cakes 

ligh  ratio  cakes  and  cookies  (no  spread) 

Iigh  ratio  spread  cookies 

-ayer  cakes  and  pound  cakes 

'lightly  rich  wire-cut  cookies  (no  spread) 

^racker  topping 

reneral  line  of  cookies 

Tacker  dough 

'Ugar  cones 

doughnuts 

Jo  spread  ice  box  cookies 
■oaf  cakes 

■ow  ratio  cup  cakes 
■unch  box  cake  items 


'  Adapted  from  Harrel  (1959). 


Bleached? 

Protein, 

Per  cent 

Ash, 

Per  cent 

Yes 

7 

.5 

to 

8 

.0 

0 

,32 

to 

0 

.35 

Yes 

7 

.5 

to 

8 

,0 

0 

.32 

to 

0 

.35 

No 

7 

.5 

to 

8 

.0 

0, 

,32 

to 

0 

.35 

Yes 

8 

.0 

to 

8 

.5 

0, 

,35 

to 

0 

.38 

\  es 

8 

.0 

to 

8 

,5 

0. 

35 

to 

0, 

.38 

No 

8 

.0 

to 

8 

.5 

0. 

,35 

to 

0. 

38 

No 

9 

.0 

to 

9 

,5 

0. 

39 

to 

0, 

,42 

No 

9 

,0 

to 

9. 

,5 

0. 

39 

to 

0. 

42 

No 

9, 

,0 

to 

9. 

5 

0, 

,39 

to 

0, 

.42 

No 

9, 

0 

to 

9, 

5 

0. 

39 

to 

0. 

42 

Yes 

\r 

9. 

0 

to 

9. 

5 

0. 

39 

to 

0. 

42 

1  es 

Yes 

Yes 

9. 

9. 

9 

0 

0 

0 

to 

to 

to 

9. 

9. 

9 

5 

5 

.5 

0. 

0. 

0. 

39 

39 

39 

to 

to 

to 

0. 

0. 

0 

.42 

,42 

.42 
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derizing  cdFcct  on  the  crumb  and  promote  the  coloring  of  the  crust. 
Sucrose  is  less  effective  in  coloring  the  crust  than  are  invert  sugar  and  glu¬ 
cose.  The  situation  is  thus  different  than  in  yeast-containing  doughs, 


where  the 


.711.  V11H.7  VdiLV  1  Vtll.  111 

re  tile  invertase  of  the  yeast  rapidly  converts  sucrose  to  glucose  and 
fructose.  No  such  action  is  observed  in  cakes  and  cookies,  and  the  sucrose 
remains  intact  and  non-reducing  thronghont  the  oven  stage.  Sugi 

Iin’n  mnitfiirp*  ITT  r'vinnl’*  f <»tn1i'ncT  Otipp  iicrn 


:ars 


retain  moisture  in  the  crumb  and  thereby  retard  staling.  Once  again, 
glucose  or  invert  sugar  are  more  effective  on  a  weight  for  weight  basis 
than  sucrose  because  of  their  lower  molecular  weight  and  consequently 
greater  osmotic  effect.  As  the  concentration  of  sugars  is  increased,  the 
batter  has  a  tendency  to  become  more  fluid.  Less  air  is  entrained  under  • 
these  conditions,  but  the  batter  can  be  conveyed  more  easily. 

An  important  function  of  the  shortening  component  of  batters  is  to  • 
entrap  air  during  mixing.  Not  only  do  these  air  bubbles  contribute  • 
directly  to  the  leavening  effect,  but  they  also  help  to  control  grain  size  by 
serving  as  foci  for  gas  evolution.  Microphotographs  of  batters  have  shown  i 
that  all  of  the  air  bubbles  are  enclosed  in  layers  of  fat.  These  observa-- 
tions  demonstrate  unequivocally  the  importance  of  the  ci earning  function  i 
of  shortening,  regardless  of  whether  or  not  the  fat  is  creamed  in  a  separate: 
stage  Shortening  also  tenderizes  the  crumb  and  may  contribute  slightly 
to  the  flavor  of  the  product.  Emulsified  shortenings  increase  the  amount  I 
of  water  which  can  be  used  and  thus  contribute  to  the  tenderness  anc 

resistance  to  staling  of  the  finished  product. 

As  mentioned  before,  the  gluten  of  flours  used  in  cakes  has  character¬ 
istics  not  conducive  to  the  formation  of  large  cells  or  thin  cell  walls.  These, 
deficiencies  are  remedied  to  some  extent  by  using  egg  whites  in  the: 
formula.  Proteins  of  the  egg  form  the  vesicle  wall  in  combination  w 
gluten  and  permit  the  entrapment  of  air  during  mixing.  In  <*nge  ood 
cake  the  entire  leavening  effect  is  obtained  from  the  air  enclosed  h>  ti  c 
egg  white  during  vigorous  whipping.  Egg  white  proteins 
no?  have  sufficient  mechanical  strength,  when  in  thin  films,  to  withsUnd 

oven  expansion  or  handling  after  baking  and  do  not  '"g'  j 

Ing  effects.  Eggs  are  frequently  the  only  material  that  can 

compensate  for  an  exeessively  wea  '  oiu.  content  of  lactose,  ^ 

Milk  accentuates  crust  color  effect  on  tin. 

reducing  sugar.  Skitn  milk  irhalanced  by  the  lubricating  o 

crumb,  but  with  who  e  i  contributed  by  milk  is  gen 
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General  Rules  for  Formulating  Cakes 

There  exist  more  or  less  traditional  rules  for  assuring  “formula  balance” 
:)r  the  correct  proportioning  of  ingredients.  These  will  be  summarized 
lere,  but  it  should  be  understood  that  slavish  adherence  to  their  limita- 
;ions  is  not  necessary.  They  have  worked  well  in  practice  in  the  past,  but 
he  development  of  new  ingredients  and  new  processing  methods  may 
i^ery  well  allow  the  “rules”  to  be  disregarded  in  some  cases. 

On  a  flour  weight  basis,  sugar  should  be  110  to  160  per  cent  in  yellow 
ayers,  110  to  160  in  white  layers,  and  110  to  180  per  cent  in  devils  food 
md  chocolate  layers.  Eggs  as  liquid  eggs  should  be  equal  or  exceed  the 
ihortening.  Total  liquid  including  the  water  in  the  eggs  and  milk  should 
xxceed  the  amount  of  sugar  by  approximately  25  to  35  per  cent.  Shorten- 
ng  should  fall  in  the  range  of  30  to  70  per  cent.  Sodium  bicarbonate 
;hould  be  1.2  to  2  per  cent  and  salt  from  3  to  4  per  cent  of  the  flour. 

If  the  amount  of  sugar  in  a  formula  is  increased,  the  egg  content  should 
3e  increased  an  equal  amount.  More  shortening  should  be  added  when 
he  percentage  of  eggs  is  increased.  Additional  water  is  usually  not 
idded  when  the  formula  contains  dry  milk,  but  if  the  formula  water  is 
lot  sufficient  to  equal  the  reconstitution  water  for  the  milk,  add  about  one 
ler  cent  of  water  for  each  additional  per  cent  of  milk  solids. 

The  following  differences  are  usually  found:  Rich  formulas  need  less 
-liemical  leavening  because  they  incorporate  more  air  during  mixing, 
he  batters  display  lower  specific  gravity  for  the  same  reason,  and  they 
lerform  better  at  a  lower  baking  temperature.  Batters  baked  in  large 
liece  sizes  require  less  water  and  less  leavener  than  those  baked  in  small 
liece  sizes. 


ixamples  of  Cake  Formulas 

Most  authors  consider  the  yellow  layer  cake  as  the  basic  type,  but  it 
s  probably  more  logical  to  allocate  this  spot  to  the  white  layer  cake  since 
be  yolk  solids-the  additional  ingredient  in  yellow  cakes— do  not  con- 
ribute  any  essential  property  to  the  cake  or  batter. 

A  formula  for  very  lean  white  cake  made  in  our  American  militarv 
nstallations  for  troop  feeding  (Anon.  1950)  is  shoxvn  on  the  next  page 
Uthough  this  recipe  is  important  as  an  approximate  lower  limit  of  “rich- 
less,  cakes  including  considerably  more  enriching  ingredients  are  desir- 
lb  e  from  a  taste  and  texture  standpoint.  An  example  of  a  fonnula  for  a 
ch  white  layer  cake  which  is  considered  basic  from  our  point  of  view  is 
dso  given.  It  is  essential  to  use  high  emulsifying  shortening  in  cakes 

■  Ikes’  Of*  '‘S’’  of  to  flour,  the  so-called  “high  ratio” 

•  Us.  Of  course,  Havonng  materials  must  he  added  to  the  basic  formulas. 
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[n  the  case  of  white  layer  cakes,  the  Havor  is  nearly  always  vanilla.  About 
one-half  of  one  per  cent  of  single  strength  vanilla  extract  or  artificial 
vanilla  is  a  common  level  of  addition. 


WHITE  LAYER  CAKE 


Flour 

Per  cent 

25.6 

Sugar 

25.6 

Shortening,  hydrogenated 

11.2 

Egg  whites 

16.0 

Evaporated  milk 

10.2 

Baking  powder 

1.6 

Salt 

0.6 

Water 

9.2 

RICH  WHITE  LAYER  CAKE 

Sugar 

Per  cent 

29.5 

Flour 

21.0 

Shortening,  emulsified 

11.5 

Egg  whites 

16.0 

Milk,  whole 

20.0 

Baking  powder 

1.3 

r\  ^ 

Salt 

0.  / 

The  author  developed  for  the  Armed  Forces  a  universal  caKc  mix 
which  is  very  versatile  as  a  result  of  its  resistance  to  failure  even  when 
rather  high  levels  of  flavoring  ingredients  are  added.  It  also  peifoniis- 
fairly  well  even  when  considerable  deviations  from  the  recommended. 
mi.xing  procedure  occur.  The  formula  is  given  here  as  an  e.xample  oi  ai 
basic  white  layer  cake  prepared  from  all  dry  ingrec  lents. 

UNIVERSAL  CAKE  MIX 


Flour,  6  per  cent  moisture 

Shortening,  high  stability  with  added  emnlsifiers 
Dried  egg  whites 
Nonfat  milk  solids 
Sodium  hicarhouate 
Sodium  acid  pyrophosphate 
Mouocalcium  monohydrate 

Salt 

Powdered  vanilla  . 

;:nir::i  ti. 

efficiency  of  the  emulsifier. 


Per  cent 
37.51 
41.00 
13.70 
3.00 
2.50 
0.54 
0.15 
0.55 
0.90 
0.15 
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The  principle  difference  between  yellow  layers  and  white  layeis  is 
that  the  former  contain  whole  eggs  instead  of  egg  whites.  In  othei  woids, 
the  “additive”  to  our  basic  mix  is  egg  yolks.  A  possible  formula  would  be 
the  rich  white  layer  cake  recipe  given  above  to  which  12  to  13  pei  cent 
whole  eggs  are  substituted  for  the  egg  whites  and  about  2  to  3  per  cent 
additional  milk  is  included  to  supply  necessary  moisture.  Riimsey  ( 1959 ) 
gives  a  formula  range  which  will  include  most  satisfactory  recipes.  Be¬ 
low  is  a  slightly  modified  version  of  his  formula. 


FORMULA  RANGE  FOR  YELLOW  LAYER  CAKES 


Flour 

Per  cent 

21  to  23 

Salt 

0.5  to  0.75 

Shortening 

8  to  12 

Skim  milk  solids 

2  to  3 

Baking  powder 

1  to  1.5 

Whole  eggs 

10  to  14 

Water 

22  to  25 

Sugar 

24  to  32 

The  recipe  which  follows  was  developed  to  take  full  advantage  of  the 
■special  jiroperties  of  whole  eggs. 


TYPICAL  YEl.LOW  LAYER  f.AKE 


Flour 

Per  cent 

21.5 

Sugar 

30 

Shortening,  emulsifier  added 

11.5 

Whole  eggs 

12.5 

Whole  milk 

22.4 

Baking  powder 

1.3 

Salt 

0.8 

Yellow  cakes  are  particularly  adaptable  to  the  addition  of  special 
lavors.  Spice  cakes  are  essentially  yellow  layer  cakes  to  which,  for  ex- 

ginger,  and  allspice  in  the  ratio 
It  are  added.  Pumpkin,  applesauce,  and  mashed  bananas  may  be 

ic  c  ed  to  spice  cakes  to  furnish  additional  varieties.  The  above  formula 
Vill  support  moderate  additions  of  these  adjuncts  without  failing.  Larger 
piantities  may  necessitate  increases  in  the  flour  and  eggs. 

ingerbreads  may  deviate  considerably  in  taste,  texture,  and  appear- 
mce  from  yellow  cakes,  but  they  are  usually  formulated  in  accordance 

spices,  and  a  coarser  texture  is  acceptable  and  usually  desired. 


1 
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TYPICAL  GINGERBREAD  FORMULA 


Cake  flour 

Per  cent 

21.1 

Sugar 

8.4 

Molasses 

33.5 

Shortening 

9.4 

Nonfat  milk  solids 

2.1 

Whole  eggs 

8.4 

Salt 

0.5 

Sodium  bicarbonate 

0.2 

Baking  powder 

0.5 

0.5 

Cinnamon 

Ginger 

0.5 

Allspice 

0.2 

Water 

14.7 

A  small  amount  of  soda  in  addition  to  that  contained  in  the  baking  powder 
is  included  in  the  above  fonnula  in  order  to  neutralize  the  natural  acidity 
of  the  molasses. 

Cakes  containing  cocoa  ( or  chocolate  liquor )  can  be  divided  into  two 
classes,  devils  food  cakes  and  chocolate  cakes.  The  difference  is  prin¬ 
cipally  one  of  pH  although  texture,  color,  and  flavor  are  affected  by  the 
changes.  Chocolate  cakes  may  be  considered  as  a  basic  cake  to  which 
cocoa  or  chocolate  liquor  has  lieen  added,  and  their  pH  is  close  to  that 
of  a  yellow  cake.  Devil’s-food  cakes  are  made  with  extra  soda  and  have  a 
crumb  pH  which  is  definitely  alkaline.  The  next  two  fonnulas  will  illus¬ 
trate  the  differences  in  preparation. 


CHOCOLATE  CAKE 


Flour 

Sugar 

Shortening 

Nonfat  dry  milk 

Chocolate  liquor 

Baking  powder 

Salt 

Whole  eggs 
Water 


Per  cent 

18 

27.5 

10.6 

2.5 

3.5 
1.0 
0.8 

15.0 

21.2 


cho It  is  ‘lc..btf„l  tl.at  tl.is  cla.nge  is  i.npen.t.c 
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|in  any  but  the  most  delicately  balanced  formulas.  If  it  is  desired  to 
:account  for  the  cocoa  butter  in  this  manner,  consider  the  chocolate 
iliquor  to  contain  50  per  cent  fat  which  has  a  shortening  value  one-half 
ithat  of  hydrogenated  vegetable  oils.  Thus,  addition  of  ten  per  cent 
chocolate  liquor  would  call  for  a  reduction  of  two  and  one-half  per  cent 
.in  the  shortening. 


devil’s-food  cake 


Flour 

Per  cent 

17.3 

Sugar 

26.8 

Shortening 

9.6 

Nonfat  dry  milk 

3.8 

Whole  eggs 

9.7 

Egg  whites 

2.9 

Water 

24.1 

Cocoa 

3.8 

Salt 

0.8 

Baking  powder 

0.7 

Sodium  bicarbonate 

0.5 

Foam  type  cakes,  such  as  angel  food,  are  properly  included  in  the 
iL'hapter  on  air-leavened  bakery  goods  since  they  do  not  contain  chemical 
'leavening  agents,  at  least  in  the  original  form.  However,  chiffon  cakes, 
MTich  derive  a  considerable  portion  of  their  leavening  from  an  egg  white 
foam,  can  be  discussed  here  since  they  require  chemical  leavening  agents 
ito  attain  the  required  volume. 


CHIFFON  cake 


Flour 

Per  cent 

20.0 

Sugar 

26.5 

Vegetable  oil 

9.5 

Egg  yolks 

16.0 

Baking  powder 

1.0 

Salt 

0.5 

Water 

Egg  whites 

6.9 

19.5 

Cream  of  tartar 

0.1 

The  ab„ve  foimela  indicates  a  separation  of  egg  volks  and  egg  whites 
In  the  nsnal  batch  mixing  process,  the  egg  whites  and  part  o/the  sugar 

Olded  ,n.  I  ,  poss.lrle  to  m,x  and  aerate  the  complete  batter  at  one  staee 

kv.th  some  of  the  new  continuous  mixers.  Flavors  which  can  be  add«  1o 

-on  can.  ,„c,«„c  . . 
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Principles  of  Processing  Chemically-Leavened  Goods 

There  are  perhaps  five  major  categories  of  mixing  methods  for  batters 
although,  admittedly,  what  constitutes  a  minor  modification  is  very  much 
a  matter  of  opinion.  The  five  categories  discussed  here  are:  (1)  single 
stage  mixing;  (2)  two  stage  mixing,  (3)  creaming  methods,  (4)  blending, 
or  flour  batter,  method,  and  (5)  sugar-and-water  method. 

The  single  stage  mixing  process  is  the  simplest  of  them  all  and  consists 
of  dumping  all  of  the  ingredients  into  the  mixer  bowl  and  beating  them 
with  the  wire  whip  or  batter  beater  until  they  are  homogenous.  Usually, 
the  batter  is  beaten  at  low  speed  for  1  to  3  minutes,  or  until  the  dry  in¬ 
gredients  have  been  wetted,  and  then  the  mixer  is  turned  to  high  speed 
or  second  speed  for  5  to  8  minutes.  Variations  of  this  method  include  add¬ 
ing  the  leaveners  near  the  end  of  the  mixing  period,  or  adding  the  eggs 
near  the  end  with  a  total  mixing  time  much  reduced  from  the  nonnal. 
The  obvious  advantage  of  this  process  is  the  saving  of  time  which  results. 
Disadvantages  are  said  to  be  poorer  grain,  texture,  and  volume  in  the 
finished  product. 

Two-stage  batters  are  mixed  by  placing  all  of  the  dry  ingredients  and 
part  of  the  liquid  materials  into  the  bowl  and  mixing  until  a  homogenous 
or  creamed  mass  results.  The  remainder  of  the  liquid  is  then  added, 
usually  gradually,  and  the  mixing  completed.  Variations  in  this  method 
usually  involve  changes  in  the  stage  at  which  the  eggs  aie  added. 

The  creaming  process  requires  that  the  sugar  and  shortening  be  beaten 
until  a  light  and  fluffy  (“creamed”)  mass  is  obtained.  The  eggs  are 
then  added  while  creaming  is  continued  at  medium  speed,  and  finally  the 
milk  and  flour  are  added  alternately,  in  small  portions.  This  method  al-  ■ 
lows  entrapment  of  a  maximum  number  of  small  air  bubbles  m  the  at 
with  a  consequent  good  effect  on  the  grain  in  the  finished 
also  does  not  develop  the  flour  gluten  as  much  as  some  of  the  other 
methods  and  this  improves  the  texture  of  the  cake  somewhat. 

The  blending  method  requires  the  placing  of  flour  and 
the  mixing  bowl  and  blending  them  together  until  the  flour  pai tides  . 
thoroughly  coated  hy  the  fat.  The  remainder  of  the 
then  added  and  tl.e  hatter  mixed  until  it  is  homogenous.  Fmal  y,  the 

. *  i"i"M  ■■  “'I 


m 


determined  period.  modification  which  is  frequently 

-i-' . . . 

■ . '™or  . . . . . 
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and  the  use  of  more  e(|uipment  tlian,  for  example,  tlie  single-stage  method. 
IVler  (1952)  also  says  that  eakes  mad(‘  by  this  method  are  tougher  and 
have  lower  va)lume. 

In  the  sugar-water  method,  all  of  the  sugar  and  one-half  of  its  weight 
in  water  are  placed  in  the  mixing  bowl  and  beaten  for  30  seconds  at 
medium  speed  in  the  first  stage.  Next,  the  shortening,  flour,  dry  milk, 
salt  and  baking  powder  are  added  and  the  bowl  contents  beaten  at 
medium  speed  for  about  five  minutes.  The  leaveners  must  be  reduced 
by  one-fourth  and  superglycerinated  shortening  used  for  best  results  by 
this  method.  Advantages  secured  by  this  procedure  are  better  crust 
color,  tenderer  crust,  and  improved  volume  as  compared  to  cakes  pre¬ 
pared  by  other  methods. 

As  a  general  rule,  layer  cakes  are  baked  at  oven  temperatures  of  360° 
to  400°F.  Cooler  ovens  tend  to  give  cakes  which  are  flat  on  top  and  ex¬ 
hibit  excess  shrinkage  around  the  circumference.  The  cakes  may  also  be 
too  tender.  Higher  temperatures  result  in  peaked  cakes  with  cracked 
centers.  In  addition,  more  holes  and  tunnels  develop  in  the  crumb  and 
the  products  may  be  tough  and  low  in  volume. 


Cake  Faults  and  Their  Remedies 

Material  in  this  section  is  attributable  principally  to  Wihlfahrt  (1953) 
and  in  part  to  Thelen  ( 1951 ) . 

( 1 )  Volume  Too  Low.  Can  be  caused  by  the  use  of  insufficient 
amounts  of  leavening  agents,  in  which  case  the  remedy  is  obvious.  If 
batters  are  allowed  to  stand  too  long  at  too  high  temperatures,  an  initially 
adequate  leavening  action  may  be  lost  as  a  result  of  premature  reaction 
of  the  bicarbonate  and  the  leavening  acids.  This  can  be  true  even  when 
delayed  action  leaveners  are  used.  Undermixing  can  cause  low  volume 
because  of  reduced  aeration  of  the  batter.  An  excessively  high  oven  tem¬ 
perature  can  set  the  structure  of  the  cake  before  the  full  effect  of  the 
leavening  gases  has  been  exerted.  Improper  balance  of  ingredients  or 
improper  types  of  ingredients,  especially  the  flour  or  shortening,  can’  re¬ 
duce  the  expected  volume  markedly. 

(2)  Defects  of  Texture.-Gumminess,  doughiness,  or  chewiness  are 
often  the  result  of  underbaking  or  improper  cooling  before  packaging. 

uch  faults  are  readily  corrected  by  increasing  the  baking  time  slightly 
by  thorough  cooling  before  wrapping.  If  these  faults  are  due  to  im¬ 
proper  formulation,  the  exact  cause  may  be  harder  to  spot  although  the 

cheXd fiL  shortening  should  be 

Toughness  may  he  due  to  use  of  too  strong  a  flour,  overbaking  inade¬ 
quate  amounts  of  water,  overmixing  with  consequent  overdevelopment  of 
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the  gluten,  not  enough  sugar,  inaclecinate  amounts  or  wrong  type  of 
shortening,  or  nnclersealing. 

(3)  Defects  of  Crust  Appearance.— Spotted  crusts  can  be  due  cither 
to  a  non-homogenous  hatter  or  to  hulibles  in  the  crust.  The  former  prob¬ 
lem  can  be  corrected  by  using  a  difference  sequence  of  mixing,  longer 
mixing,  or  more  severe  mixing  conditions.  The  latter  difficulty  may  be  the 
result  of  unsuitable  types  of  leaveners,  batters  which  are  too  viscous,  or 


or 


excessive  oven  heat. 

Bursting  of  the  crust  may  also  be  due  to  high  baking  temperatures, 
to  overmixing,  too  much  flour  or  Hour  which  is  too  strong. 

Pale  crust  color  can  result  from  a  baking  temperature  which  is  too  low. 
The  oven  as  a  whole  may  be  set  at  too  low  a  temperature  or  the  heat  ; 
distribution  may  be  faulty  with  inadequate  radiant  heat  reaching  the  ; 
crust.  Conversely,  crust  colors  which  are  too  dark  may  result  from  un¬ 
desirably  high  oven  temperatures.  In  addition,  pale  crust  colors  can  re¬ 
sult  from  nnderscaling  with  resultant  shielding  of  the  top  crust  from 
radiant  heat  bv  the  pan  sides.  Too  much  sugar,  and  particularly  too  much 
reducing  sugars  such  as  are  found  in  corn  syrups  or  in  honey,  can  cause 
darkening  of  the  crust  even  though  baking  conditions  are  correct  as;, 

indeed  by  the  condition  of  the  interior  of  the  cake.  ,  ,  ^ 

(4)  Coarse  or  Irregular  Grain.-Tunnels  and  large  holes  at  the  bottom < 
of  the  cake  may  result  from  excessive  bottom  heat  during  baking.  oo 
cold  1  Oven  cO  cause  the  grain  to  be  open.  Wet  streaks  me  often  due. 
to  underbaking.  Undissolved  spots  of  material  m  the  crumb  are  not  . 
wivs  the  result  of  undermixing,  although  this  is  probably  the  usual  cause 
Ome  ing Odients.  particularly  milk  solids,  will  form  agglomerates  whm 
arOtOlly  indestructible  by  the  usual  mixing  procedures  if  they  me., 

more  often  due  to  overmixmg. 
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CHAPTER  11 


C.  G.  Harrel 


Air  Leavened  Bakery  Products 


The  contents  of  this  chapter  include  discussions  of  processing  procedures 
and  formulations  not  only  for  foods  which  are  leavened  solely  by  en¬ 
trapped  air,  such  as  angel  food  cake,  but  also  for  products  leavened  by 
other  gases,  such  as  injected  carbon  dioxide. 

Presumably,  the  development  of  air-leavening  techniques  for  bakery 
foods  followed  by  some  thousands  of  years  the  invention  of  yeast  leaven¬ 
ing,  but  it  certainly  antedated  the  use  of  chemical  leaveners.  Although 
air  leavening  might  seem  at  first  glance  to  be  a  simpler  process  than  yeast 
leavening,  the  necessary  refinement  of  ingredients,  formulas,  and  process¬ 
ing  techniques  required  for  the  satisfactory  production  of  sponge  cakes 
and  the  like  did  not  occur  until  fairly  recent  times.  Yeast  leavening  of 
cereal  foods  is  found,  along  with  the  allied  art  of  brewing,  m  fairly 
primitive  cultures,  but  appreciation  of,  and  demand  for,  air-leavened 
bakery  products  suggests  a  rather  sophisticated  cuisine  and  selective 

palates.  .  . 

Air  leavening  of  baked  foods  requires  a  vigorous  mixing  step  ( or  mixing 

under  pressure)  during  which  bubbles  of  gas  are  incorporated  by  Bhns  ot 
extensible  colloidal  material.  Egg  albumen  in  the  fonn  of  egg  whites  was 
irrobably  the  first  foam-producing  agent  used  in  the  preparation  ot  air- 
leavened  baked  products.  This  material  has  many  excellent  properties 
It  is  very  extensible,  permitting  a  voluminous  foam  to  be  prepared  froi 
relatively  small  amounts  of  egg  white;  its  foams  are  strong  enough  to 
support  themselves  and  other  ingredients  m  large  masses;  >  "^8“  ‘  ^ 
ofheat  denatures  within  a  range  of  time  and  temperature  readily  attai  d 
during  baking;  and  the  coagulated  films  have  properties  ‘  u’e  ^"ln"iddi- 
to  desirable  Appearance  and  eating  quality  in  c  k.  In  ^ 

tion  egg  whites  are  edible,  nutritions,  and  relatively 
I  intages  of  egg  whites  include  the  exceptional  sensitivity  o  the.  toa  » 
to  smtl  amounts  of  lipids,  their  cost,  and  the  slight  taste  and  odo.  which 

they  contribute  to  the  product.  without  eggs.  “Beaten  hiscuits" 

Air-leavened  doughs  can  also  ‘  riiiten  however,  is 

are  an  example  of  foods  of  ven^ 

not  a  very  good  w'nppmg  aKent  .  mtc^ 
low  density  by  using  mteiual  gc . 
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its  deficiencies  for  air-leavening  purposes  must  lie  in  its  inability  to  inclose 
or  to  retain  a  sufficient  volume  of  air  during  mixing.  Beaten  biscuits 
require  a  great  expenditure  of  energy  in  order  to  obtain  a  very  small 
amount  of  leavening  action.  Below  are  given  a  representative  modern 
formula  and  a  procedure  for  making  beaten  biscuits. 


BEATEN  BISCUITS 

Formula  , 

100  parts  flour 
3  parts  sugar 
2  parts  salt 
20  parts  shortening 
35  parts  milk 

Procedure 

Cream  the  dry  ingredients  and  the  shortening  together,  then  blend  in 
the  milk.  A  very  stiff  dough  will  result.  This  is  beaten  continuously,  with 
folding,  for  about  thirty  minutes  by  hand,  or  it  can  be  run  through  a 
special  biscuit  machine  which  is  made  especially  for  this  purpose.  The 
beating  and  folding  incorporate  and  subdivide  bubbles  of  air.  As  the 
piocess  is  continued,  bubbles  or  blisters  will  be  seen  just  below  the  surface 
of  the  dough.  If  the  biscuit  machine  is  used,  the  dough  will  begin  to 
crack  or  pop  as  it  is  pressed  between  the  rollers  when  the  final  stage  is 
approached. 

1  he  dough  is  rolled  out  into  a  one-half  inch  sheet,  cut  into  circles,  and 
docked  with  the  tines  of  a  fork  or  with  a  special  instrument. 

Baking  is  conducted  at  350°F.  for  about  30  minutes.  The  final  product 
is  very  pale  in  color,  quite  dense,  and  has  an  unusual  and  coarse  texture. 

Rotheram  ( 1901 )  gave  an  early  version  of  the  above  recipe.  He  called 
the  product  “Wafer  Biscuits.” 


tsp. 
Miik 


salt 


Wafer  Biscuits 

V2  Ih.  flour 
2  oz.  butter 

thin  wifafimfe  ^  - 

squares,  bake  in  a  quick  oven  to  a  p^L  colo 
Barackman  (1959)  has  quoted  some  recipes  from  Webster  (1878) 

probably  the  sponge  cake.  '  ‘  simplest  product  was 
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Sponj];e  Cake 

“  reii  t'ggs,  tluM'r  \v(Mght  ol  fine  sugar,  tlio  weiglit  of  six  eggs  of  flour,  lileiul 
togetlier  witli  a  wliisk  aucl  heat  tor  out'-lialf  liour.  hake  in  a  lined  and  eoverod 
pan  for  one  and  one-half  hour.” 

A  somewhat  later  cookbook  quoted  by  Barackman  (1959),  tliat  of 
Kellogg  ( 1892),  gave  the  following  recipe  for  sponge  cake: 

6  eggs,  use  whites  only  Lemon  jniee 

1  cup  sugar  “/ 3 

“Sift  flour  3  or  4  times,  add  a  pinch  of  salt  to  egg  whites  and  heat  until  stiff. 
Add  lemon  juice  and  heat  until  very  stiff.  Add  flavoring  and  sugai.  Fold  the 
flour  in  lightlv  and  (juiekly.  Bake  slowly  for  35  to  50  minutes. 

Addition  of  lemon  juice  in  this  latter  recipe  may  represent  an  intuitive 
recognition  of  the  value  of  acidifying  albumen  foams. 


INCORPORATION  OF  AIR  INTO  BATTERS  AND  DOUGHS 
Lowe  ( 1955)  has  discussed  the  use  of  air  as  a  leavening  agent  m  baked 
foods.  The  following  comments  are  pertinent; 


“Air-Air  may  he  incorporated  into  a  hatter  through  an  egg-white  foam,  by 
creamed  fat  and  sugar,  and  to  a  lesser  extent  Iry  aerating  the  flour  through  si  - 
h'g  and  by  beating  the  liatter.  If  a  l.atter  contains  100  ml.  of  air  the  air  will 
increase  to  about  137  ml.  when  heated  bom  to  212°F.  'nitteis  oto 

more  than  double  their  volume  in  baking.  Thus  it  is  obvious  that  gas  mustj) 
generated  in  the  batter  in  addition  to  occluded  gas  to  obtain  this  expansion. 


Air  plavs  a  role  in  leavening  beyond  its  expansion  in  the  baked  product. 
Dunn  and  White  ( 1939 )  found  that  pound  cake  from  which  the  air  is . 
evacuated  does  not  increase  in  volume  during  baking.  Yet,  if  the  air  is  no 
evacuated,  half  of  the  expansion  during  baking  is  attributed  to  steam.. 
Thev  conclude  that  the  water  evaporates  into  the  small  an  cells, 
expansion  of  this  water  vapor  and  the  air  occurs  Hood  and  ( U48) 

also  find  that  if  the  air  is  completely  evacuated  theie  is  no  vo  u 
during  baking  of  air-steam  leavened  cakes 


Steam.-One  volume  of  water  forms  about  1600  volumes  of  '^ater  vapm, ^so 
that  steam  has  great  leavening  ability,  even  "J  y^t  Barmore  (1936)  hasi 

"■‘Tlmefetrerslft;::::,!  as  a  leavening  agent  in  cake  v-wd  with  the  t^ 
of  fat  used  and  whether  carbon  dioxide  fioni  ^  1^55  important  im 

:h:'ah:ternSr'i:m"h»icle  ielwS’kte  '  The  rekitive  increase  in  vohinir 
of  cakes  from  the  different  leavening  agents  follows. 
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Leavening 

Butter, 
Per  cent 

Type  of  Fat  in 

Oil, 

Per  cent 

Cake 

Hydrogenated 

lard, 

Per  cent 

Air-steam  leavened  cakes  ^ 

Increase  from  air 

19.8 

11.4 

Zb.U 

Increase  from  steam 

80.2 

88.6 

75.0 

.\ir-steam-carbon  dioxide  leavened  cakes 

Increase  from  air 

8.0 

5.6 

6.  / 

Increase  from  steam 

32.3 

44.1 

20.7 

Increase  from  carbon  dioxide 

59.7 

50.3 

73.1 

It  is  quite  evident  that  air  plays  an  important  part  in  the  leavening  of 
all  types  of  cakes.  Steam  likewise  plays  a  very  significant  part.  If  air  is 
stated  to  be  responsible  for  the  leavening  of  angel  food  cakes,  sponge 
cakes,  pound  cakes,  chiffon  cakes,  etc.,  you  will  be  led  astray.  The  part 
that  air  plays  in  conjunction  with  other  gases,  such  as  steam,  carbon 
dioxide,  nitrogen,  or  many  others  that  might  be  used,  will  be  indicated. 

There  are  six  methods  of  incorporating  air  into  bakery  products.  These 
are  as  follows: 

( 1 )  The  recent  development  of  highly  emulsified  shortening,  such  as 
lactylated  shortening,  an  example  of  which  is  Durkee’s  67,  patented  by 
Iveson  et  al.  ( 1954). 

(2)  Whipping  eggs  and  sugar  plus  certain  additives  that  may  or  may 
not  be  added. 

( 3 )  Creaming  shortening  and  sugar. 

( 4 )  Mixing  under  pressure. 

(5)  One  hundred  per  cent  air  leavened  bakerv  products. 

( 6 )  Aerated  flour. 

Each  of  these  methods  will  now  be  considered  in  detail. 


Highly  Emulsified  Shortenings 

The  most  powerful  emulsifying  air  entrapping  shortenings  are  the 
lactylated  types. 

The  specially  prepared  shortenings  designed  to  entrap  and  hold  air 
during  the  creaming  process  probably  date  back  to  1890,  with  gradual 
■mprovement  up  to  the  present  date. 

Haines  (1959)  participated  in  the  adaptation  of  lactylated  shorteninR 

tia  I’vT  “"■‘''"*'‘“‘’'"7’'  qoa'ities,  to  nse  in  cake  mixes  which  were  par- 
hally  leavened  by  chemical  means.  He  stated,  “The  incorporation  of 

neces‘sit'rs"rred  "r  "f  emr.lsifier 

In  1  .  t'le  soda  level  to  avoid  overleaveninii  bv  a 

-  mh.nafon  of  mr  expansion  in  the  oven  and  carbon  dioxidr^^rabon 
expansion.  The  reduction  in  soda  would  be  generally  proportional  to 
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the  reduction  in  batter  specific  gravity.  A  soda  level  of  0.5  per  cent  for 
white  layer  cake  mi.xes  has  been  found  to  be  a  satisfactory  combination 
with  batter  specific  gravities  of  about  0.65.” 

Whipping  of  Egg  Solids  (Whites,  Yolks,  or  Whole  Eggs) 
with  Sugar  to  Incorporate  Air 

Angel  food,  sponge,  pound  and  chiffon  cakes  are  a  few  examples  of  this 
method  for  incorporating  air. 

The  following  formula  together  with  the  suggested  method  of  prepara¬ 
tion  is  given  for  the  production  of  angel  food  cake. 


Angel  Food  Cake 


Ingredient 

Lbs. 

Oz. 

Percentage 

Method 

Egg  whites 

Sugar 

Sait 

Cream  of  tartar 

2  2 

1  0 

‘A 

‘A 

42.2 

19.96 

0.59 

0.59 

Whip  to  a  wet 
peak 

Sugar 

High  grade  angel  food  cake  flour 

1  2 

12 

22.30 

14.36 

Fold  in  very  slowly 

Total 

6 

4 

100.00 

Scale  10  inches  deep  pans — 1  lb.  7  oz. 
Bake  at  375°F.  to  4nO°F. 


Frequently  angel  food  cake  formulas  contain  ver\^  small  percentages  of 
leavening  ingredients  to  further  increase  the  volume.  The  egg  whites  for 
this  tvpe  of  cake  for  prepared  mixes  are  usually  specifically  prepared  to 
increase  the  whipping  qualities.  These  dried  egg  solids  may  contain  one 

of  the  following  additives: 

Sodium  desoxycholate-Kliue  and  Singleton  (1959) 

Triethyl  citrate-Kothe  ( 1953 ) 

Triacetin— The  Pillsbury  Company,  patent  pending 
Sodium  oleate 
Oleic  acid 


Tlie  first  two  of  these  additives  are  covered  by  patents. 

causes  of  failure  in  angel  food  cake  and  their  suggested  remed.es 

“XTfo::eS:farrv:rv  .sensitive  to  certain  types  of  fats.  Mineral  oh 
and  Xol  sterol  do  ,.of  have  any  appreciable  effect 

angel  foo<l.  All  of  the  oils  containh.g  J"''  ".‘rmme  the 

on  the  volume.  The  greater  the  unsatuia  cc  a.  .f,-.ites'this  effect.  A 
volume  is  decreased.  I  ^  ^  rh  sc  il  id  dressing  This  bowl  was 

plastic  bowl  was  used  h.  .nakmg  a  French  salad  dressing. 
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Defect 

Undersized  cake 


Dark  crust  color 


Light  crust  color 


Lough  crust 


CAUSES  OF  FAILURE 

Cause 

(1  )  Overheating  or  underbeat¬ 
ing  egg  whites 

(2)  Overmixing  after  flour  is 
added 

(3)  Sugar  content  too  high 

(4)  Oven  too  hot 

(5)  Cakes  removed  from  pan  too 
soon  after  baking 

(6)  Cakes  underbaked 

(7)  Greased  pans  or  tins 

( 1 )  Oven  too  hot 

(2)  Cakes  overbaked 

( 3 )  Excessive  sugar  content, 
causing  cake  to  have  sugary 
crust 

( 1 )  Cakes  underbaked 

(2)  Cool  oven 

(3)  Over  beaten  or  overmixed 
batter 

( 1  )  Oven  too  hot 

(2)  Sugar  content  too  high 

(3)  Improper  mixing 


Lhick  and  hard  crust  ( 1  ) 

(2) 

Strong  flavor  ( 1 ) 

(2) 

,  (3) 

Lack  of  flavor  ( 1 ) 

C2) 

(3) 

Heavy  cakes  ( 1  ) 

(2) 

(3) 

(4) 

Coarse  grain  (1) 

(2) 

r  .  . 

1 ough  cakes  ( 1 ) 

(2) 

(3) 


Overbaking 
Cold  oven 

OfT-flavorcd  materials 

Poor  flavoring  materials 

Cakes  burned  or  overbaked 
Insufficient  salt  in  formula 
Poor  flavor  combination 
Poor  quality  flavoring 
materials  used 
Over  or  underbeaten  eggs 
Overmixing  after  flour  has 
has  been  added 
Loo  much  sugar 
Too  high  in  baking  tem¬ 
perature 
Cold  oven 

Overbeaten  whites 
Insufficientlv  mixed  batter 
Overmixing  ingredients 
Excessive  sugar  content 
Baked  too  hot 


Cakes  dry 


(4)  Flour  content  high  or  wrong 
type  flour  used 

( 1 )  Low  sugar  eontent 

(2)  Overbaking 

(3)  Eggs  overbeaten 

(4 )  Flour  content  too  high 


Remedy 

(1)  Beat  egg  whites,  sugar, 
salt,  and  cream  of  tartar 
to  a  wet  peak 

(2)  Fold  in  just  enough  to  in¬ 
corporate 

(3)  Balance  formula 

(4)  Regulate  temperature 

(5)  Allow  eakes  to  cool  before 
removing  from  tins 

(6)  Bake  thoroughly 

( 7 )  Do  not  grease  tins  for 
angel  food  eakes 

( 1 )  Regulate  temperature 

(2)  Give  proper  bake 

(3)  Balance  formula 


( 1 )  Bake  eorrectly 

(2)  Regulate  temperature 

(3)  Mix  properly 

(1)  Regulate  oven  tempera¬ 
ture 

(2)  Balance  formula 

(3)  Exercise  care  in  assem¬ 
bling  batter 

(1  )  Lessen  baking  time 
(2)  Regulate  temperature 

( 1 )  Cheek  storage  of  materials 
for  foreign  material 

(2)  Use  only  top  quality 
flavors 

( 3 )  Exercise  care  in  baking 

(1)  Increase  salt  eontent 

(2)  Use  proper  flavor  blends 

(3)  Use  only  top  quality 
materials 

( 1 )  Beat  eggs  to  a  wet  peak 

(2)  Fold  flour  in  just  enough 
to  ineorporate 

(3)  Balance  formula 

(4)  Regulate  tempera¬ 
ture 

( 1 )  Regulate  temperature 

(2)  Whip  to  wet  peak 

(3)  Fold  until  smooth 

(1)  Mix  properly 

(2)  Balance  formula 

(3)  Regulate  temperature 

(4)  Balance  formula.  Use 
soft  wheat  flour 

( 1  )  Balance  formula 

(2)  Lessen  baking  time 

(3)  Whip  to  a  wet  peak 

(4)  Balance  formula 
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then  scoured  thoroughly  with  an  efficient  detergent.  An  angel  food  cake 
was  then  made  using  this  bowl.  The  cake  volume  was  about  one  inch 
high.  This  bowl  had  to  be  scoured  7  to  8  times  after  each  baking  with  a 
detergent  before  the  volume  of  the  angel  food  cake  returned  to  normal. 

Fig.  36  shows  the  high  percentage  of  fat  contained  in  the  fine  fraction 
which  was  air  separated  from  a  regular  cake  flour.  The  removal  of  this 
high  fat  fraction  caused  the  volume  of  the  angel  food  to  be  increased. 


Fig.  36.  Photein  and  Fat  Distribution  in  Fractions  of  Air-Classified 

Cake  Flour 


The  use  of  suitable  starches  such  as  wheat  starch  m  quantities  as  high  as 
20  and  30  per  cent  lowers  the  protein  of  the  flour  and  decreases  the  at 

content,  both  cunsing  un  increuse  in  volume. 

Flour  made  from  southwestern  hard  winter  and  northwestern  spring 
wheats,  when  ground  to  a  particle  size  approaching  that  of  ™ 

slightly  finer,  can  be  used  in  the  production  of  angel  food  and  othei  tyi^ 
cakes.  It  is  no  longer  necessary  to  rely  on  soft  wheat  for  the  produc 

"^Shme'the  angel  food  cake  pan  cannot  he  greased,  the  Pan  removal 
requires  a  diftefent  technic, ue.  The  pan  should  be  inverted,  allowed  to 
cool  thoroughly,  and  then,  if  necessary,  a  knife  run  between  tie  teges 

the  cake  and  pan  to  remove  the  cake. 

Formula  and  method  of  preparing  siionge  cake  aie  given 

page  (Anon.  1953). 


Preparation  of  Sponge  Cakes 

Mr.  Ray  Thelen  ( 1957)  gives  us  the  following  comments  on  ingrec  len 
and  formulating  of  sponge  cake. 


nidf  :!f  tile  :;;7Tp:drs:iiie;hor' 
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SPONGE  CAKE 


Ingredient 

Lbs. 

Oz. 

Percentage* 

Method 

Whole  eggs 

5 

5 

21  ,75 

Heat  to  100°  to  110°F.  in  water 

Egg  yolk 

15 

3,875 

bath.  Whip  until  light 

Sugar 

Invert  sugar 

Salt 

7 

'/■> 

12‘/.. 

3 

28.875 

3.25 

0,75 

Add,  just  barely  stirring  into  beaten 
mass 

Liquid  milk 

Flavor 

3 

To  taste 

12 

15.375 

Flour 

6 

4 

25.625 

Fold  in,  mix  just  enough  to  incor- 

Baking  powder 

2V4 

0.50 

porate 

Totals 

24 

6‘/4 

100.00 

♦  Percentage  figured 
at  385°  to  400°F. 

on  total  batter  weight  being  100  per  cent. 

Scale  8  inch  cake  tins — 10  ozs.  Bake  at 

Formula  and  method  of 

preparing  batter  for  pound  cakes  is  as  follows 

(Anon.  1949). 


POUND  CAKE - CREAMING  METHOD 


Lbs. 

Oz. 

Ingredients 

Per  centi 

4 

Cake  flour 

73 

Powdered  milk 

7 

2 

Regular  type 

shortening 

36 

1 

Butter 

18 

6 

Granulated  sugar 

109 

3 

Whole  eggs 

55 

3 

Salt 

372 

2 

8 

Water 

45 

V2 

Vanilla 

V2 

1 

8 

Cake  flour 

27 

20 

9V2 

Total  batter  weight  (329V2  oz. 

Method 


Cream  together  at  medium  speed  until 
light  and  fluffy 


Beat  together  until  light.  (Similar  to 
sponge  cake  batter).  Then  fold 
into  above 

.Add  to  above  mixture 

.Aerate  well  by  sifting.  Then  add  to 
above  and  mix  until  batter  is  smooth 


Important.  Have  all  ingredients  at  approximately  room  temperature  so  that  the 
hmshed  batter  will  be  between  72  F.  and  78 °F. 

‘  Per  cent  figured  on  the  basis  of  total  fiour  weight  being  100  per  cent 

portant  ingredient  that  goes  into  the  make-up  of  sponge  cake  is  the  eggs.  There- 

ihl^c  V}  fgg  products  having  a  high  solids  content  and 

the  solids  are  to  be  of  good  quality.  ’ 

Dried  whole  eggs  are  rapidly  replacing  liquid. 

production  is  a  high  sugar  carrying  and 
high  moisture  carrying,  soft  winter  wheat  product 

Sugars  to  be  employed:  A  fine  granulated.  If  hygroscopic  suears  are  to  be 
used  hey  should  be  of  the  best  quality  obtainable 

flavo!  ’  ’■''8-'''''"'=**  "f  dte  type  employed,  should  be  pure,  having  a  good  clean 
Butter  or  margarine,  if  employed,  should  be  of  high  quality 
ten^penm.tVerow  ih  -lease  its  gases  at 

sponge  is  approximately  90°  to  ‘*^‘"P'’>'u*ure  of  a  commercial 

sugar,  10  partf'oUgVmrteriai'™  d  6  pal°of  ftmr  aml"fl® 

sumer  taste,  which  is  actually  not  a  desirable  sponge'  dfe  rUrif  “"j 
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basis  for  developing  eommereial  sponge  cakes.  To  convert  the  basic  formula 
into  a  suitable  commercial  sponge  cake  the  following  rules  may  be  employed; 

For  each  additional  pound  of  Hour  to  be  added  to  the  basic  formula,  it  is 
necessary  to  wet  it  with  one  pound  of  liquid  and  to  sweeten  and  tenderize  the 
addition  of  Hour  and  licjuid  you  may  add  12  to  16  oz.  of  sugar. 

If  the  egg  material  of  the  basic  formula  is  not  sufficient  to  take  care  of  the 
aeration  of  the  batter  having  the  added  weight  of  the  flour,  liquid  and  sugar  of 
the  commercial  formula,  it  will  be  necessary  to  add  V4  lo  1/0  oz.  of  baking 
powder  for  each  1  pound  of  flour.  The  above  leavening  recommendations  apply 
only  to  batters  in  which  the  egg  and  sugar  materials  have  been  heated.  Should 
the  sponge  batter  be  whipped  up  cold,  it  will  be  necessary  to  increase  the 
amount  of  baking  powder  in  order  to  produce  cakes  having  the  desired  volume. 

As  an  example,  batters  whipped  at  temperatures  90°  to  1()()°F.,  including  the 
recommended  amount  of  leavening  material,  will  produce  cakes  having  approxi- 
matelv  30  per  cent  more  volume  than  the  same  formula  assembled  at  60°  to 
70°F.' 

For  making  a  fat  type  sponge  you  may  add  approximately  4  oz.  of  melted 
butter  or  margarine  for  each  2  lbs.  of  egg  material  in  the  formula. 

Mixing.— For  best  results  whip  equal  parts  of  egg  material  and  sugar.  Any 
sugar  over  and  above  the  weight  of  eggs  may  be  dissolved  in  the  liquid  of  the 
batch  and  added  before  or  alternately  with  the  flour. 

The  egg  material  and  sugar,  for  peak  results,  may  be  heated  to  110  F.  befoie 
whipping.  If  for  any  reason  it  is  desired  that  the  batch  be  whipped  cold  and 
frozen  eggs  are  used,  the  egg  material  should  be  heated  to  approximateb  110  F. 

to  insure  the  licpiefying  of  the  oil  of  the  egg. 

Following  are  some  of  the  variables  which  control  the  whipping  of  sponge 
batters  and  make  it  impossible  to  set  a  definite  time  for  mixing  sponge  battens  ; 
to  the  desired  consistency:  cpiality  of  egg;  the  temperature  of  the  egg  and  sugar  ■ 
mass  at  the  time  of  whipping;  the  size  of  the  mixing  bowl;  the  type  of  agitator; 

speed  of  the  mixer,  and  the  size  of  the  batch  being  whipped. 

The  consistencv  of  the  egg  and  sugar  mass  when  properly  aerated  shou  cl  oe  ■ 
such  that  it  will  hold  for  approximately  30  seconds  the  track  or  crease  made  b> 

drawing  a  knife  or  spatula  through  the  batter. 

When  you  feel  that  the  whipped  mass  has  reached  the  proper  consistency, 
may  measure  it  in  a  container  of  desired  size  and  weigh  it  making  certain  ffia  • 
the  batter  weight  in  the  container  is  exactly  the  same  from  to  d^y.  1^^^ 
I, quid,  flour  and  other  variable  ingredients  winch  may  he  used  ; 
to  the  whipped  mass  and  folded  in  thoroughly  but  carefully  ^ 

will  result  in  cakes  lacking  volume  and  the  possibility  of  then  lx  i  g  g 

very  unappealing.” 

Preparation  of  Chiffon  Cake 

The  golden  chiffon  cake  is  a  good  example  of  this  type 
with  the  formula  on  the  next  page  and  suggested  method  of  1 1  1  •  ‘ 

(Anon.  1949). 

Creaming  Shortening  and  Sugar 

Before  hydrogenated  shortenings  'E^n'  toXy; 

with  sugar  to  incorporate  air  and  thus  leaven  the  cakes. 
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GOLDEN  CHIFFON  CAKE 


Lbs. 

Oz. 

Ingredients 

Per  cent 

Method 

3 

6 

Cake  flour 

100 

Blend  together  by  sifting 

274 

Baking  powder 

5 

LA 

Salt 

274 

2 

5 

Granulated  sugar 

68 

1 

12 

Liquid  vegetable 

52 

Add  to  above  and  mix  on  medium 

Oil  (see  note  below  j 

speed  until  smooth 

1 

12 

Egg  yolks 

52 

2 

Water 

60 

6 

Water 

11 

Add  slowly  to  above  and  thoroughly 

74 

Vanilla  flavor  (high 

174 

incorporate 

grade) 

4 

Lemon  juice 

772 

4 

Grated  lemon  rind 

772 

3 

8 

Egg  whites 

104 

Place  in  another  mixing  bowl 

2 

5 

Granulated  sugar 

68 

Beat  until  stiff 

Then  add  above  mixture  to  “beaten” 

72 

Cream  of  tartar 

1 

eggs  and  mix  only  enough  to 

lightly  incoporate. 

18 

374 

1  otal  batter  weight  (291 74  oz. ) 

Important.  Have  all  ingredients  at  approximately  room  temperature  so  that  the 
inished  batter  will  be  between  72 °F.  and  78 °F.  DO  NOT  o VERMIX 


)iitter  can  replace  the  hydrogenated  shortening  partially,  or  totally,  result- 
ng  in  better  flavored  eakes.  Downside-iip  cake,  yellow  cake,  golden 
ellow  cake,  gold  cake,  golden  pound  cake,  gold  cream  cake,  Madeline 
ake,  rum  cake,  rum  torte  cake  are  examples  of  this  type.  The  golden 
)ound  eake  and  several  others  have  the  shortening  and  sugar  creamed 
ogether  thus  incorporating  air.  Air  is  incorporated  at  another  stage  of 
aixing  by  whipping  the  eggs  and  granulated  sugar  together. 

The  methods  of  making  these  cakes  are  all  very  similar,  and  we  shall 
,ive  Dut  one  where  the  sugar  and  shortening  are  creamed  together.  We 
^ill  present  the  formula  of  an  orange-date  layer  cake  wherein  the  shorten- 


1 

2 

4 

5 
1 

21 


1272 


Brown  sugar 
Butter 
Emulsifying  shortening 
Soda 
Salt 

Ground  dates 
Whole  eggs 
Sour  or  buttermilk 
Cake  flour 
Ground  oranges 


Cream  approximately  5  minutes, 
medium  speed  (creaming 
speed ) 

Add  gradually 

Add 

Add 

Add  last 


I  otal  weight 

:icS  f  layer-, Tozi’.''"''' 

Scale  7  inch  layer—  8  ozs. 

Bake  at  360°  to  370°F. 
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iiig,  butter  and  brown  sugar  are  creamed  for  five  minutes,  thus  incorpo¬ 
rating  air.  We  present  this  formula  because  butter  is  used  in  it  (Anon. 
1953). 


Mixing  Under  Pressure 

Equipment  has  been  developed  by  three  companies  for  mixing  cake 
batters  under  air  pressure.  The  machines  of  the  American  Machine  and 
Foundry  Co.  and  another  from  E.  T.  Oakes  Corporation  have  been  de¬ 
scribed  in  another  chapter  of  this  book.  In  this  section  a  very  ingenious 
machine  marketed  by  the  Syko  Engineering  Corporation  of  Kansas  City, 
Missouri,  will  be  described.  This  is  known  as  the  “Whisk”  machine. 


F.c.  37.  McmEL  2(K)  Mokton  VVh.sk  w„h  K..ohb 

The  s.„all  bowl  at  extre.i.e  left  is  a  Hour  Ix.wl  for  a., gel  food  cake. 
Tilts  liirttfs  bowl  is  for  mixing. 


n  r  r  Yo,, nil  (1959)  president  of  Syko  Etigineering  Colpont* 

typical  formulas.  i  p  .  .  p  lid  i 

In  operating  the  unit,  “^^ledients  aie  scjib^  started. 
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Center  row  is  stationary  and  outer  two  are  mounted  on  a  horizontal  sliaft  hooked 
to  a  7V-  also  operates  hnilt-in  air  compressor.  Mixing  time  is 

pre-set  for  low  (60  r.p.m.),  high  (240  r.p.m.)  or  low-high  blending. 

When  producing  angel  cake  batter,  for  example,  all  ingredients  except  Hour 
are  introduced  into  mixing  bowl.  Latter  is  charged  into  25-lb. -pressure-sealed 
hopper  for  sugar-feeding  to  bowl.  After  air  pressure  (22  lb.)  is  applied  and 
machine  started,  an  air  valve  kicks  in  high-speed  timer  for  a  two-minute  mix. 
Then  second  timer  operates  low-speed  mixing  for  about  one-half  minute,  with 
flour  being  angered  in.  When  mixing  is  completed,  a  button  is  pressed  to  open 
a  self-locking,  safety  type  discharge  valve  for  air-delivery  of  finished  batter 
through  twelve  feet  of  tygon  tubing  to  hopper  of  depositing  machine. 

In  making  sponge  and  other  type  cake  batters,  all  ingredients  are  dumped 
into  bowl  for  a  two-minute  mix  at  high  speed.  Sponges  take  22  lb.  air  pressure, 
other  batters  12  to  13.  Marshmallow,  under  20  to  22  lb.  pressure,  is  whisked 
out  of  the  machine  after  a  3  to  3  V  2  n^hi.  high-speed  mix. 

The  general  rules  to  follow  in  the  operation  of  the  Morton  Whisk  machine 
are  given  below: 


GENERAL  RULES 


.'\ir  Pressure,  Lbs.  Mixing  Time 


Sponge  cake 

15 

to 

22 

VVhite  layer 

8 

to 

14 

Yellow  layer 

8 

to 

12 

Devil’s-food  layer 

10 

to 

13 

Devil’s-food  cups 

10 

to 

13 

Yellow  cups 

8 

to 

12 

White  cups 

8 

to 

14 

Spice  layers  and  cups 

10 

to 

13 

Loaf  cake 

10 

to 

13 

Pound  cake 

5 

to 

8 

Angel  food  cake 

22 

to 

24 

2  to  2V2,  Minutes  variable  to  formula 

P/4  to  2V2  variable  to  formula 

P/4  to  2V2  variable  to  formula 

P/4  to  2V2  variable  to  formula 

P/4  to  2V2  variable  to  formula 

P/4  to  2V2  variable  to  formula 

P/4  to  2V2  variable  to  formula 

P/4  to  2V2  variable  to  formula 

P/4  to  2V2  variable  to  formula 

2V2  to  3 V4  variable  to  formula 

2  min.  high ;  45  sec.  low  variable  to  formula 


The  above  is  only  a  guide  and  the  continued  use  of  the  machine  will  enable 
the  operator  to  achieve  the  best  efficiency  by  trying  the  variations  either  up  or 
down. 


To  open  the  grain  in  the  cake,  more  air  pressure  is  used. 

To  close  the  grain  in  the  cake,  less  air  pressure  is  used. 

In  putting  into  production  any  formula  that  has  not  been  used  in  the  Whisk 
before,  automatically,  there  is  an  addition  of  at  least  10  per  cent  more  water  or 
the  mixes  will  be  too  stffi.  Cut  leavening  agent  to  10  per  cent'*  because  your 
machine  will  take  care  of  that. 

It  is  to  be  borne  in  mind  that  the  addition  of  water  dilutes  the  formula  Water 
is  a  toughening  agent  and  if  in  excess  of  the  above-mentioned  percentage  com¬ 
pensation  should  be  made  to  keep  the  formula  balanced  by  adding  at  least  four 

ounces  of  sugar  for  every  pound  of  water  that  is  added,  but  up  to  the  above 
percentage  it  is  not  necessary.  ^ 

P^'essure  does  not  rise  to  the  desired  poundage,  there  is  a  leak  either  in 
the  hd  or  packing  gland  on  the  shaft. 

Keep  the  gasket  clean  to  keep  the  lid  from  sticking.  Some  tvpical  formiihiQ 
for  use  in  this  mixer  are  as  follows:  WPicai  toimulas 


^  I.  has  been  our  experience  that  leavening  has  been  cut  as  much  as  50  ,o  60  per  cent. 
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WIllTF.  l.AVFR  C’.AKK 


Cake  Hour 
Oil 

Granulated  sugar 
Emulsifier 
Whole  eggs 
Whites 

Emulsified  shortening 
Baking  powder 
Salt 

Milk  powder 
Water 
Invert 
Glucose 

Total  weight 

1 3  pounds  pressure 

Mix  2  minutes  at  high  speed 

'Temperature  68°  to  70° 


l,hs. 


23 

1 

24 
3 

12 

7 


1 

18 

2 

2 

99 


( )/.s. 


4 

6 

5 
2 
8 

13 

1474 

8 

4 

12 

14 
14 
10 


SPONGE  CAKE 


■  —  - 

Ivbs. 

Gzs. 

Cake  flour 

Granulated  sugar 

Whole  eggs 

Yolks 

Baking  powder 

Baking  soda 

Salt 

Milk  powder 

Water 

27 

28 

18 

7 

2 

17 

14 

14 

9 

4 

572 

57'-> 

6 

1 

3 

11 

Cream 

2 

1 

Invert 

Total  weight 

105 

10 

22  pounds  pressure 

Mix  2  minutes  at  high  speed 
'Temperature  72° 

Jelly  roll— 2  lbs.  14  oz. 

The  incorporation  of  air  makes  it  ““g  machine'’a.J  J 

agent  from  50  to  60  per  cent^^^  ’^^essing  of  cake  batter.  Other  gases  :■ 
represents  a  great  advance  i  1  be  obtained  withu 

could  be  used  in  place  ot  ai  .  because  the  solubility  ot  l 

carbon  dioxide  may  be  “‘■''^'"^'7""^  Idl  proba^^^  this  might  :| 

carbon  dioxide  is  much  greater  ai  ‘  gf  nitrogen 

result  in  further  reduction  (if  bak  g  ^ouldl| 

;::p;r;r2b.“r:L 
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YELLOW  LAV'ER 


Lbs. 

Oz. 

Cake  flour 

60 

Oil 

1 

Granulated  sugar 

63 

Emulsifier 

19 

9 

Whole  eggs 

Egg  whites 

9 

Regular  shortening 

12 

Emulsified  shortening 

7 

8 

Baking  powder 

2 

Salt 

1 

7 

Milk  powder 

6 

12 

W'ater 

50 

Vanilla 

9 

Invert 

2 

Egg  color 

3 

Extrin 

1 

Lemon  Flavoring 

IV2 

Total  weight 

8  to  12  lbs.  pressure 

Mix  P/4  to  2'/?  minutes 

235 

2V2 

ngredients  is  all  problematical,  but 

certainly 

these  things  are  worth 

iivestigation. 

00  per  Cent  Air  Leavened  Bakery  Products 

Butter  creamed  icings  are  a  very  simple,  yet  very  delicious  type  of  icing, 
^  fonnula  for  this  type  of  icing  is  given  below  ( Anon.  1953 ) : 


BUTTER  CREAM  ICINGS 


Gutter  Cream  (Smooth)  (For  icing  and  decorating  Birthday  Cakes) 
C.ream  together  for  about  5  minutes  (second  speed ) 


7  lbs. 
3  Lbs. 


12  Ozs. 
10  Ozs. 


Powdered  sugar 
Shortening  and  butter 
Powdered  milk 
Egg  whites 


Add  to  above  and  cream  2  to  3  minutes  (until  smooth) 

^  Butter  or  shortening  (melted  to  100°F.) 

°  ^zs.  Peanut  Oil  (or  other  vegetable  oil ) 

1  his  butter  cream  sets  with  a  thin  crust,  but  is  light  and  ices  perfectly  smooth 

40°FTin  Vive  ^  gelatine  dissolved  in  8  ozs.  of  Jater  and  heated  to 

4U  r .  will  give  the  cream  more  stability  for  decorating 

n^uTa^ca^  ^  because  of  eating  quality, 

redding  cakes  ’  A  weddir^v  cake'^V  ^^^^er  than  a  white  color,  characteristic  of 

^o^,her„h.,e  icing  h’;ra  ve"irra^ 


yanatioii,s  ot  tl,i,s  siimc  type  ,)f  icing  may  l,e  imule  l)v  iiicorpoiiitiim 
at  er  c  ,„c„h,tc,  cinannel  ii„cl  etlH-r  types  of  Havering.  '  ‘  ^ 

■liis’aenendr’  ''  «’P>est'i,ted  l,y  imnslimallnw  iciiig 

ins  dtpciids  npnn  gelatin  to  incorporate  tlie  ;iir.  ' 


I 

I 
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Other  products,  such  as  pectins,  modified  starches,  various  gums  are 
also  capable  of  incorporating  air  into  this  type  of  icing.  Formula  for  this 
type  of  icing  is  given  below  (Anon.  1953) : 

STOCK  MARSHMALLOW 


Boil  to  225°F.: 

10  Lbs. 

4  Lbs. 

3  Lbs. 

3  Lbs. 

Dissolve  together  and  add: 

6V2  Ozs.  Gelatin  (good  grade) 

1  Lb.  8  Ozs.  Hot  water 


Sugar 

Glucose 

Invert  sugar  or  honey 
Water 


Let  cool. 

This  stock  is  kept  on  hand  and  used  as  needed.  When  marshmallow  is  required,  just 
take  the  desired  amount  of  stock,  warm  and  beat.  Add  vanilla  to  suit.  Use  maishmallow 
directly  after  beating.  


Aeration  of  Flour 

This  is  a  very  minor  method  of  incorporating  air  and  the  amount  of  dii 
incorporated  is  indeed  very  small  but  nevertheless  the  repeated  sifting  of 
flour  does  incorporate  small  quantities  of  air.  The  amount  incorporated 
is  so  small  that  it  does  not  deserve  any  lengthy  discussion  m  this  chapter. 

Certain  formulas  have  been  given  to  illustrate  the  different  methods  ot 
incorporating  air.  Any  of  these  formulas  can  be  changed  to  produce 
different  flavored  cakes,  such  as  the  addition  of  cocoa,  orange  and  pine¬ 


apple,  candied  pieces,  nuts,  etc. 

In  closing  this  chapter,  it  should  be  noted  that  the  ingredient  manufac¬ 
turers  have  made  rapid  progress  in  perfecting  and  standardizing  mgreci- 

ents  for  use  in  air-leavened  bakery  products.  11  ,  | 

The  major  varial)les  to  change  in  an  angel  food  are  the  egg  alhumen  am  ^ 

the  tinahty  of  the  Hour.  In  other  foam-type  cakes,  the  ^  '  f  •, 

changed  by  increasing  egg  solids  and  shortening  7*’"  ,  ,Cof  i 

some  butter  in  place  of  part  of  the  shortening  is  a  very  effective  means 

'"'sni£™s^irre\oecdiiiglv  important  ingredients.  By  varying  the  pen- 

and  color  of  crust  can  be  seem  ed.  nn  ilitv- 

hour  has  undergone  rapid  changes  for  L 

Lake  Hour  running  as  low  as  6>/.  per  cent  ^  „  "ht 

western  hard  wheat,  can  be  obtained,  producing  escclknt  cakes. 


Anon. 

Anon. 
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CHAPTER  12 


Samuel  A.  Matz 


Formulations  and  Procedures 
for  Unleavened  Bakery  Foods 


The  most  important  representative  of  this  type  of  goods  is  pie  crust. 
Puff  pastry  and  certain  types  of  cookies  are  also  unleavened  in  the  sense 
that  no  chemical  or  biological  leavening  agents  are  included  in  the 
formula,  although  an  appreciable  volume  increase  occurs  in  puff  pastry 
.  during  baking.  It  is  true  that  some  formulas  for  pie  crusts  call  for  small 
amounts  of  baking  powder,  but  the  conventional  and  typical  recipe  omits 
such  ingredients  and  they  are  not  required  to  secure  finished  products 
having  desirable  eating  qualities. 

Pie  crusts  are  low  in  moisture  and  high  in  fat.  This  ratio  of  ingredients, 
together  with  the  method  of  preparation,  prevents  the  formation  of  a 
continuous  gluten  network  throughout  the  dough  mass  and  results  in 
baked  products  that  are  more  or  less  friable  or  flaky.  A  porous  stiuctuie 
such  as  typifies  all  leavened  bakery  products  is  not  desired  because  pie 
crusts  must  support  and  retain  without  leakage  fillings  of  moderate  vis¬ 


cosity  and  high  moisture  content. 

Pie  crusts\u-e  generally  divided  into  three  classes  based  upon  their 
“flakiness.”  The  latter  term  can  be  defined  loosely  as  the  tendency  of  the 
crust  to  separate  into  strata  or  layers  when  it  is  broken.  Flaky  or  long- 
Hake  crusts  when  broken  tend  to  e.xhibit  fracture  along  different  lines  at 
different  levels,  and  to  show  separation  in  layers  parallel  to  the  surtace. 
\Iealv  crusts  can  be  broken  in  a  straight  line  and  show  a  fracture  sur  ace  • 
niore'like  that  of  a  cookie.  Short-Hake  or  Haky-mealy  crusts  exhibit  eh.i 

acteristics  intermediate  between  the  two  extremes. 

The  Hakv  crust  is  esteemed  by  connoisseurs  and  by  trade  exper  ,  • 

it  shows  tlie  abuse  of  handling  more  quickly  than  the  mealy  ‘Yl- ' 
poses  difficulties  in  serving.  It  is  also  more  difficult  to  ^ 

Inealy  type.  Mealy  crusts  can  be  cut  readily, 

Sit 

. . 

of  mixing  are  the  chief  determinants  of  crust  chai  actci  is  . 
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The  weakest  flour  available  is  suitable  for  pie  crusts.  Any  factor  tend- 
ng  to  strengthen  the  gluten  structure  is  to  be  avoided.  In  practice,  this 
neans  that  the  flour  used  in  pie  crusts  should  be  unbleached  with  a 
protein  content  of  7.0  to  8.5,  ash  content  of  0.38  to  0.48  per  cent,  and  a 
VlacMichael  viscosimeter  reading  of  30  to  40  degrees  (Cook  1953). 
>truckinann  (1956)  recommends  even  narrower  limits  of  7.0  to  7.25  per 
^ent  for  protein,  and  32  to  36  degrees  for  viscosity.  The  flour  should  be 
nilled  from  a  soft  white  winter  wheat  and  should  be  slightly  granular. 
)oft  red  winter  wheats  yield  somewhat  stronger  flours  which  may  or  may 
lot  be  satisfactory  for  the  purpose,  depending  upon  how  critical  the 
inished  product  requirements  are. 

Shortening  for  pie  crust  doughs  is  used  at  a  level  of  about  70  to  75  per 
}ent  ( FWB )  in  household  recipes,  about  50  to  60  per  cent  in  commercial 
lie  crusts,  50  per  cent  or  less  in  doughs  made  with  liquid  shortenings,  and 
IS  little  as  35  per  cent  in  fried  pie  doughs.  The  type  of  shortening  deter- 
nines  the  amount  which  must  be  used.  Elling  ( 1952)  listed  the  following 
hortening  values  for  some  common  fats: 


Totally  hydrogenated  shortening  100 

Partially  hydrogenated  shortening  as  generally  used  in  bakeries  110 

Partially  hydrogenated  lard  HO 

Open  kettle  plasticized  lard  125 

Special  grainy  tvpe  lard  130-135 

'  150  ' 


hese  shortenings  were  evaluated  by  preparing  crusts  from  a  uniform 

ecipe,  varying  only  the  type  and  quantity  of  fat.  Woerfel  ( 1959 )  claims 

hat  vegetable  oils  are  generally  lower  in  shortening  value  than  is  lard 

.ard  IS  frequently  called  for  in  household  recipes  and  some  prepared 

mxes  include  hydrogenated  lard  from  which  part  of  the  lard  oil  has  been 

emoved.  Lard  is  also  much  used  commercially  and  the  tough,  fibrous 

lariety  is  preferred  over  the  soft,  grainy  type.  The  former  gives  a  short 

nd  tender  crust  without  greasy  effect.  Emulsifiers  should  not  be  used  in 
ae  crust  shortenings. 

Salt  is  used  at  levels  of  from  1.5  to  4  per  cent  of  the  flour  weight.  It 

xeesl  T  absorption  water  since  its  solution  niav  be 

'fe  dough^  ^  and  water  concentrations  present  in 

houfTtoT'  '’“bose  are  commonly  used  in  proportions  of 

mclmled  fo.  nn.ch  the  same  purpose  as  sugar.  That  is,  the  lactose  in 
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wliey  and  milk  powder  contributes  to  the  browning.  Spray  dried  milk 
solids  are  preferred  to  roller  dried  material.  Wheat  or  corn  proteins  may 
be  added  to  insure  good  machinability  of  the  dough  and  crispness  of  the 
finished  product.  Propionates  are  frequently  included  in  the  formula  at 
about  the  0.2  per  cent  level  to  retard  mold  formation. 

The  flaky  crust  is  obtained  by  mixing  all  of  the  shortening  with  all  of 
the  flour  for  a  period  just  sufficient  to  reduce  the  shortening  to  small 
lumps.  The  recommended  size  for  the  fat  pieces  varies  somewhat  accord¬ 
ing  to  the  authority  consulted  and  the  type  of  shortening  employed.  Gen¬ 
erally  all  of  the  ingredients  are  refrigerated,  and  in  any  case  the  flour  and 
water  are  brought  to  35  to  40° F.  before  mixing.  The  doughs  are  invari¬ 
ably  refrigerated  before  being  rolled  and  cut  in  order  to  keep  the  shorten¬ 
ing  particles  discrete. 

In  preparing  doughs  for  mealy  crusts,  the  shortening  may  be  completely 
dispersed  in  the  dough.  Consequently,  processing  conditions  are  less 
critical.  It  is  usually  convenient  to  mix  the  flour-shortening  blend  until 
the  fat  is  completely  absorbed  and  the  flour  particles  are  coated.  Refrig¬ 
eration  of  ingredients  and  doughs  is  of  no  particular  value  in  this  case. 

Large  amounts  of  scrap  dough  are  generated  in  the  cutting  of  pie  crust 
circles  and  the  problem  of  economically  disposing  of  this  scrap  is  of  gieat 
concern  to  pie  manufacturers.  Most  authorities  recommend  that  scrap 
dough  be  blended  into  fresh  dough  in  quantities  not  exceeding  50  per 
cent  of  the  total.  Use  of  scrap  dough  in  this  manner  is  essential  m  most 

operations,  but  it  does  adversely  aifect  texture.  Some  ’ 

use  of  scrap  blends  to  bottom  crusts,  while  other  opeiatois  be  le  . 
is  more  desirable  to  take  advantage  of  the  greater  dilution  of  scrap  wind  . 

is  nossible  when  it  is  blended  into  all  of  the  crust  mixes. 

The  two  steps  common  to  nearly  all  pie  dough  inMiig  P™cesses  a^e^ . 
(1)  blending  the  shortening  and  the  flour  until  the  fat  has  'y‘=' 
desired  degree  of  subdivision,  and  (2)  adding  the  water  and  wayy'; 
ineredients  to  the  fat  and  shortening  mixture  and  agitating  until  t  . 

stage  which  leaves  the  shortening  m  the  oi  ^  ^ 

mehy  crusts  are  thoroughly  mixed  iTcrustsi 

particles  are  completely  coated  by  the  .  .  i„„ps,. 

'e7  ^holXlelr^,  m  byiftwmshge  adchtion  of  fat  dunng  oiiei 

" 

fairly  small  uniform  particles.  chilled.  Not  iiw 

,rr  s:rr;i:i‘ » ^ 
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ise.  In  addition,  the  dough  itself  is  usually  chilled  for  several  hours  after 
nixing.  This  cool  rest  period  allows  the  water  to  distribute  itself  more 
horoughly  in  the  dough  mass  and  hardens  the  shortening  so  that  it  is  less 
ikely  to  liquefy  during  subsequent  handling  and  shaping  operations. 
These  chilling  steps  are  particularly  important  in  the  manufacture  of 
lough  for  long-flake  crusts.  Mealy-type  doughs  should  eome  out  of  the 
nixer  at  about  65°F.  and  be  held  (covered,  of  course)  at  this  temperature 
or  about  3  to  4  hours. 

Elling  (1952)  gives  a  formula  and  procedure  for  making  a  221  pound 
)atch  of  long-flake  dough  suitable  for  use  during  the  warm  weather 
nonths.  He  indicates  that  the  same  formula  can  be  adapted  for  producing 
hort-flake  or  mealy  crusts  if  the  processing  techniques  are  changed 
ippropriately. 

L,ong  Flake  Crust 

( 1 )  Mix  smooth  hut  do  not  cream: 

45  lbs.  steam  rendered  lard 

15  lbs.  partially  hydrogenated  vegetable  shortening 

(2)  Add  the  following  ingredients  to  the  above  and  mix  until  the  fat  is  in 
(ieces  the  size  of  walnuts: 

100  lbs.  soft  pastry  flour  at  refrigerator  temperatures 
6  lbs.  nonfat  milk  solids 

(3)  Add  the  following  to  the  flour,  fat,  and  milk  solids  and  mix  just  enough 
1  blend  thoroughly: 

38  lbs.  ice  water 
4  lbs.  salt 
3  lbs.  corn  sugar 


Struckmann  ( 1956 )  described  the  production  of  doughs  yielding  a  short- 
ake  crust  suitable  for  fruit  pies. 

Vuit  Pie  Dough 


aiiu  iiuui  aie  wen  incorporated- 
100  lbs.  flour 

25  Ihs.  r»r  Irkwr  .r-vl „1 _  ■  _ 


4  lbs.  spray  skim  milk  powder 
3  lbs.  salt 

2  Ihs.  corn  sugar  dissolved  in 
28  Ihs.  ice  cold  water 
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Struckmann  also  gave  a  formula  and  procedure  for  making  a  mealy- 
t\'pe  crust  (.'Specially’  suitaliK'  lor  small  individual  ])i('s  and  custaid  sliclls. 


Dough  for  Mealy  Clrusts 


( 1 )  Place  in  mixer  and  blend  thoroughly: 
100  lbs.  pie  Hour 
45  lbs.  lard 


4b  lbs.  lard 

20  lbs.  margarine  or  low  melting  point  shortening 

(2)  When  the  above  is  thoroughly  mixed  and  no  raw  flour  spots  are  visible, 

3  lbs.  spray  dried  nonfat  milk  solids 

4  lbs.  corn  sugar,  and 
3  lbs.  salt  dissolved  in 

24  lbs.  ice  water  i  i  i 

(3)  Continue  to  mix  until  the  water  has  been  completely  taken  up. 

Frazier  (1947)  recommends  using  6V/4  oz.  dough  for  the  bottom  crust 
and  5V/4  oz.  for  the  top  crust  of  nine-inch  pies  containing  26  to  2  oz. 
filling.  Crusts  for  nine-inch  cream  pies  should  be  scaled  at  seven  ounces. 
However  Filing  ( 1952)  suggested  a  six  and  one-half  ounce  scaling  weig  i 
for  both  crusts  of  nine-inch  pies  and  four  and  one-half  ounces  for  10  1 
crusts  U  eS-inch  pies.  The  filled  pies  are  baked  28  to  32  nr.nr.tes  at 

^'^ThCTe  is  a  considerable  difierence  of  opinion  regarding  the 
“wr  W  for  the  top  crusts  of  pies.  Washes  of  egg  or  nr.lk,  or  co.nh.na- 
r  ons  of  these  rLdl  in  glossy  and  relatively  dark  crr.sts.  Some  bakers  re- 
t  rl  ■  ■  innerrance  as  highly  desiralrle  while  others  considei  i  o 
ew  t  S  S  ucbnl^  (1956)  suggested  the  application  of  a 
somewhat  ‘'“’hey'-  t,,gy  enter  the  oven. 

spray  of  skim  milk  to  th  l  u,-ipr  and  crisper  texture. 

This  gives  a  golden  brown  crust  “  "C™'  ^  "(f ith  melted 

[iminingtogiveaflakeontopoftheproduct. 


fried  pies 

Fried  pie  sieSiX^^  S 

characteristic  m  tins  case  is  s  lu  transportation  from  the  fac- 

k-,*,  ,.-i.  - 

basic  formula  for  fried  pie  dough  is. 


100  lbs.  pastry  flour 
3.5  lbs.  vegetable  shortemug 

35  lbs.  water 

3  lbs.  salt 

4  lbs.  corn  sugar 
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Lard  is  not  recoinmcnded  for  tlie  doiigli  or  as  the  frying  fat.  Mixing  pio- 
cednres  and  equipment  are  similar  to  tliose  used  for  l)aked  pies  except 
that  frit'd  pie  doughs  mav  he  mixed  a  little  longer  and  to  a  smoothei  con¬ 
sistency  than  those  used  for  baked  pies.  The  securing  of  flakiness  is  gen¬ 
erally  not  a  primary  consideration  with  these  products. 

Dietrich  (1957)  has  given  a  specific  formula  and  procedure  for  fried 
pie  crusts. 


Dough  for  Fried  Pies 

( 1 )  Blend  together  thoroughly: 

100  lbs.  pie  flour 

25  lbs.  hydrogenated  shortening 
100  lbs.  dough  scraps  from  previous  production 

(2)  Blend  together  the  following,  and  then  add  to  the  above: 
30  lbs.  water  (variable) 

2  lbs.  salt 

(3)  Add  and  mix  until  a  smooth  dough  results: 

1  lb.  corn  sugar  (optional) 

3  lbs.  wheat  or  corn  protein 
3  oz.  mold  inhibitor 


This  dough  can  be  made  up  immediately  if  desired,  but  holding  does  not 
-ause  it  to  deteriorate.  After  mechanical  or  hand  scaling  into  pieces  of 
lesired  size,  the  dough  is  sheeted  by  mechanical  rollers  or  other  means. 


3ietrich  desciibed  some  ingenious  automatic  panning  and  forming  de- 
/ices  for  preparing  fried  pie  crusts,  but  these  machines  are  apparenth' 
lot  available  commercially. 

About  IV2  oz.  of  dough  to  2  oz.  of  filling  is  the  recommended  scaling 
veight  for  fried  pie  crusts.  The  pies  are  fried  submerged  at  a  temperature 

)f  375  to  380°F.  for  about  three  minutes  and  then  are  thoroughly  cooled 
ly  forced  air  before  wrapping. 

Dietrich  described  variations  in  processing  of  fried  pies  which  yield 
pedal  characteristics.  In  one  operation,  fried  pies  were  dipped  into  a 
cettle  of  constantly  boiling  water  immediately  after  frying.  This  set 
he  crust  and  floated  off  excess  cooking  fat.  Such  pies  kept  well  during 
he  summer  months  and  had  a  slight  gloss.  In  another  variant  process 
he  crusts  were  made  up  with  high  protein  spring  wheat  flour.  Then’ 
inor  to  rymg,  the  pies  on  the  screen  were  dipped  quicklv  into  boiling 
vater  and  then  immediately  transferred  to  the  frying  fat.  Pies  prepared 
)y  this  method  had  less  greasiness  of  crust  than  most. 


auses  of  Faults  in  Pie  Crusts 


For  trouble-shooting  crust  problems,  the  follow! 
958)  may  be  helpful: 


ng  suggestions 


(Anon. 


) 
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( 1 )  Excessive  shrinkage  of  crusts  may  be  caused  by: 

( a )  Not  euougb  sbortcuiug. 

( b )  Too  luucb  water. 

( c )  Dough  worked  too  much. 

( d )  Flour  too  strong. 

( 2 )  Crust  not  flaky.  May  be  caused  by: 

( a )  Dough  mixed  too  warm. 

( b )  Shortening  too  soft. 

( c )  Rubbing  flour  and  lard  too  much  ( overmixing ) . 

( 3 )  Bottom  crust  soaks  too  much  juice.  May  be  caused  by: 

( a )  Insufficient  baking. 

( b )  Crust  too  rich. 

( c )  Oven  too  cool. 

( 4 )  Tough  crusts  may  be  caused  by: 

( a )  Flour  that  is  too  strong. 

( b )  Overmixing  the  dough. 

( c )  Use  of  excess  water. 

( 5 )  Soggy  crusts  may  be  caused  by : 

( a )  Not  enough  bottom  heat. 

( b )  Oven  too  hot. 

( c )  Using  a  filling  that  is  too  hot. 


PUFF  PASTRY 

Puff  nastries,  in  their  conventional  form,  are  not  very  well  adapted  I 
to^fss  prodrmtion  and  so  are,  in  the  strictest  sense  outside  the  scope 
„f  this  volume.  However,  a  brief  discussion  of  these  foods  is  included  at 

this  point  for  general  information  purposes.  -...lor, 

The  principle  underlying  the  preparation  of  pnff  pastry  is  very  s.  n  a 
to  tlmt  on  which  the  manufacture  of  true  Danish  pastry  is  based.  L^er  ■ 
of  f  uare  interleaved  between  layers  of  dough  so  that  upon  baking  a. 
^  cfrnta  occurs  However,  in  Danish  pastry  yeast 

■>"«  . . . ' 

following  method  and  procedure. 
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Dough  for  Puff  Pastry 

( 1 )  Mix  a  dough  consisting  of: 

5  lbs.  bread  flour  or  a  mixture  of  8  parts  Inead  flour  and  2  parts  pastry 
flour 

2  oz.  salt 

21/0  lbs.  special  puff  paste  shortening 

1  lb.  water 

(2)  Roll  the  dough  out  into  a  rectangular  shape  and  place  it  in  the  refrig- 
?rator.  After  the  dough  has  cooled  down,  sheet  it  out  to  one-third  inch  in 
hickness,  retaining  the  rectangular  shape  as  much  as  possible. 

(3)  Spread  two  and  one-half  pounds  of  puff  pastry  shortening  over  two- 
hirds  of  the  sheet  and  fold  it  over  so  that  three  layers  of  dough  are  separated 
3y  two  layers  of  shortening.  Roll  the  mass  out  to  a  thin  sheet  and  again  fold 
nto  three  layers. 

(4)  Refrigerate  for  about  an  hour  and  then  roll  out  and  fold  over  as  before. 
Repeat  the  sheeting  and  folding  and  then  refrigerate  once  more.  For  best 
•esults,  the  sheeting  and  folding  should  be  repeated  once  or  twice  after  this 
•efrigeration  stage. 

(5)  After  cooling  down  the  dough,  cut  it  into  the  desired  shapes  and  bake 
it  350°  to  375°F.  for  35  minutes. 

Development  of  highly  specialized  puff  pastry  shortenings  has  allowed 
he  use  of  procedures  which  do  not  include  the  tedious  rolling-in  steps 
)f  the  traditional  method. 


f  apid  Puff  Pastry  Method 

( 1 )  Mix  together  just  enough  to  incorporate  the  shortening: 

10  lbs.  bread  flour 

2  lbs.  puff  pastry  shortening  (cold) 

3  oz.  salt 

(2)  Add  six  pounds  (variable)  of  water  at  about  40°F.  and  mix  with  the 

latter  beater  at  high  speed  until  the  dough  forms  a  ball.  Scrape  the  dough 
rom  the  bowl  sides.  ® 

(3)  Add  two  pounds  of  cold  water  and  develop  the  dough. 

f  anil  add  eight  pounds 

f  cold  puff  pastry  shortening.  Mix  at  low  speed  until  the  shortening  has  , us 

een  blended  m.  Thts  is  the  critical  step  and  overmixing  here  will  dfs^w  the 
fuff  pastry  characteristics  of  the  product.  uestroy  tne 

The  special  shortenings  developed  for  puff  pastries  are  generally  com- 
«unds  of  meat  fats,  vegetable  oils,  water,  and  salt.  Lecithin  and  mono- 
lycendes  may  be  included.  Sometimes  the  water  is  replaced  by  skTn 

i  « “  'nr  ” 

^  f  ’  iiiany  of  the  new  compounds  improve  considerablv  nn 

le  performance  characteristics  of  the  dairy  product  <>■' 
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CHAPTER  13 


A.  Bruce  Corn 


Receiving,  Storage,  and  In-Plant 
Conveying  of  Raw  Materials 


The  principal  factors  that  govern  the  planning  and  construction  of  re¬ 
ceiving,  storage,  and  distribution  facilities  within  a  bakery  are  sanitation 
requirements,  and  efficient,  economical  methods  of  transporting  the 
various  ingredients  from  the  receiving  dock  into  storage,  and  from  storage 
to  the  point  where  they  are  incorporated  into  the  finished  product. 

This  chapter  will  deal  with  the  subject  in  two  parts;  sanitation  re¬ 
quirements  that  must  be  met  to  produce  optimum  storage  conditions,  and 
methods  and  equipment  necessary  to  implement  an  efficient  material 
handling  program  within  the  bakery. 


SANITATION  REQUIREMENTS 


Building  Design  and  Preparation 

The  storage  areas  should,  under  ideal  conditions,  have  floors,  ceilings, 
Lind  walls  built  of  such  materials  and  maintained  in  such  condition  as  to 
Jeny  access  by  insect  and  rodent  life  to  any  point  within  or  behind  the 
ace  of  these  building  elements.  Similarly,  all  harborages  adjacent  to 
-he  storage  areas  must  be  eliminated  to  prevent  the  existence  of  places 
vithm  easy  reach  from  which  rodents  and  insects  might  invade  the 
wmises.  All  windows  and  doors  must  be  adequately  screened  to  ex¬ 
dude  flying  insects  and  they  must  also  be  rodent-proofed  in  accordance 
VI  1  est  practices.  Specifically,  hollow  enclosed  spaces  between  double 
vail  partitions  should  be  avoided  in  the  construction  of  storage  areas 
3ther  haiborages  that  should  be  avoided  or  eliminated  include  the  space 
.etween  the  ceiling  and  roof  of  a  bnilding,  the  enclosure  between  the  bot- 
m  shelf  (,r  a  t.er  of  shelves  and  the  floor,  the  space  between  the  Irase 

estation  of  a  storage  area.  Wood  fli>ors  should  be  maintained  in  such 
that  Ldl  cracks  are  filled,  and  the  surfaces  sealed.  Of  pa'icult 
mportance  is  the  elimination  of  any  cracks  or  crevices  at  the  po  nt  where 
he  floor  meets  the  walls.  Concrete  floors  should  be  sealed  remTcaTiv 

The  storage  areas  should  be  well  lighted  aud  ventilated.  Specific  areas 


■  Bkuce  CoiiN  is  cunsultant  tu  the  baking  inilustiies. 
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should  be  iiiaiutained  at  the  dry  bulb  temperatures  and  humidity  levels 
recommended  in  Table  68. 

Excellent  detailed  information  on  rodent  and  insect  control  is  available 
'  from  bulletins  published  by  the  American  Institute  of  Baking,  Department 
of  Bakery  Sanitation,  Chicago,  Illinois.  The  review  of  this  material  is 
recommended  by  anyone  designing  new  storage  areas  or  renovating  exist¬ 
ing  ones. 


RECEIVING  AND  STORAGE  METHODS  AND  PROCEDURES 
The  receiving  and  storage  of  ingredients  in  a  bakery  covers  three  broad 
classifications;  dry  storage,  cold  storage,  and  hulk  storage.  Since  packag¬ 
ing  materials  eventually  come  in  contact  with  the  finished  product,  they 
should  be  treated  as  ingredients.  The  handling  of  these  items  will  be 
discussed  under  the  heading  of  Dry  Storage. 

Receiving 

Inspection  of  all  incoming  ingredients  at  the  receiving  dock  is  an  ab¬ 
solutely  necessary  procedure  because  the  results  of  subsequent  good  stor¬ 
age  practices  will  be  ruined  if  rodents  and  insects  are  allowed  to  enter 
the  storage  areas  by  this  avenue.  Both  insects  and  mice  have  been  found 
in  ingredients  shipments  received  both  by  rail  and  by  truck.  In  order  to 
detect  these,  each  unit  of  materials  received  must  be  thoroughly  in¬ 
spected.  Packages  showing  signs  of  mechanical  damage  or  of  tampering 
or  evidence  of  insect  or  rodent  infestation  should  be  set  aside  for  prompt 
examination  of  the  contents.  Such  signs  include  tears,  gnawed  places, 
and  insect  webbing.  To  check  internal  infestation  of  flour  it  is  recom¬ 
mended  that  approximately  20  bags  from  each  car  be  taken  from  different 
places  in  the  car  and  examined  by  sifting.  This  can  be  done  by  opening 
each  bag  and  sifting  approximately  1  or  2  lbs.  of  flour  through  a  30-mesh 
hand  sieve.  These  flour  samples  should  be  taken  from  the  top  of  the  bag 
along  the  seam.  Any  insect  contamination  or  other  foreign  material 
separated  can  then  be  placed  in  a  separate  jar  on  a  bag  by  bag  basis  as 
tangible  reason  for  rejecting  the  car. 

In  the  case  of  larger  particle  products  such  as  whole  wheat  flour,  raisins 
and  nuts,  where  sifting  is  not  possible,  it  is  recommended  that  a  number 
f  containers  be  opened  at  time  of  receipt  and  that  the  contents  be  spread 

™""w  S'  "SS 

examination  should  be  made  immediately  after 
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the  car,  truck,  or  other  vehicle  is  opened  because  many  insects  do  not 
like  the  light  and  will  tend  to  crawl  into  cracks  or  between  bags  or  car¬ 
tons  where  they  cannot  he  readily  found.  The  area  immediately  around 
the  doorway,  as  well  as  both  ends  of  the  truck  or  freight  car  should  be 
thoroughly  examined  with  a  flashlight  for  evidence  of  live  insect  infesta¬ 
tion.  Several  bags  should  be  lifted  so  that  the  second  layer  may  also  be 
checked.  If  more  than  ten  live  insects  can  be  found  readily  in  the  car  or 
truck,  the  shipment  should  be  considered  for  rejection  without  further 
examination  since  it  is  almost  certain  that  hundreds  of  insects  are  present. 
While  looking  for  evidences  of  insects,  bags  should  also  be  closely 
checked  for  any  signs  of  other  contamination  such  as  rodent  damage. 

The  foregoing  discussion  applies  to  bagged  materials  or  ingredients  in 
crates,  boxes,  drums  or  other  containers.  The  examination  of  ingredients 
shipped  in  bulk  fonn  presents  an  entirely  different  problem. 

The  method  of  sampling  these  ingredients  will  vary  depending  on  cir¬ 
cumstances.  Possibly  the  easiest  way  of  obtaining  granular  samples  of  a 
bulk  shipment,  is  by  use  of  a  large  grain  trier.  This  is  a  long  nanow 
cylindrical  device  which  has  numerous  openings  along  its  length.  These 
openings  may  be  closed  by  twisting  the  handle  at  the  top.  The  bottom 
end  is  pointed  to  permit  insertion  into  the  bulk  mateiial.  Aftei  the 
proper  samples  have  been  obtained  by  this  method,  they  should  be  sifted 
and  inspected  as  described  above. 

Records  of  all  examinations  of  all  incoming  materials  should  be  kept 
showing  the  identity  of  the  lot  and  the  findings.  Such  records  will  serve 
as  a  history  of  any  given  supplier  and  will  be  of  help  m  determining  the 
frequency  of  detailed  inspections  that  should  be  made  of  each  supphei  s 

shipments. 

Dry  Storage 

The  overall  aim  in  planning  proper  storage  of  all  i.igreclients  is  to  insnrc 
that  the  raw  materials  will  not  become  contaminated  while  awaiting  use. 
The  following  procedures  are  recommended  to  produce  this  resu  t: 

( 1 )  At  the^roint  where  the  hags,  cartons,  or  other  packages  are  loaded 
onto  skids  or  pallets,  care  should  be  taken  to  brush  any  clinging  materia 
from  their  exterior  surfaces.  They  should  be  neatly  stacked  upon  clear 

b.  .......1  "»!■ 

„e  imeter  of  all  storage  areas,  and  should  extend  up  from  the  Horn  on. 
Jhe  adjacent  wall  ten  inches.  White  enamel  paint  such  as  used  b 
way  markings  is  often  recommended  for  this  purpose. 
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(4)  The  skids  or  pallets  should  be  stored  IS  inches  from  all  walls,  and 
if  space  permits,  a  14-inch  aisle  should  he  left  between  double  rows  of 
skids.  This  method  of  storage  will  permit  sweeping  under  skids. 

(5)  Every  damaged  bag  or  carton  received,  whether  ingredient  or 
packaging  material  should  be  sealed  with  gummed  tape  after  making 
sure  that  foreign  materials  have  not  entered  the  contents  by  way  of  the 
opening  caused  by  the  damage  to  the  bag  or  carton. 

(6)  Experience  has  shown  that  any  material  left  unmoved  for  more 
than  a  month  may  develop  an  insect  or  rodent  infestation,  and  it  is  there¬ 
fore  highly  recommended  that  incoming  shipments  be  tagged  as  to  date 
of  receipt,  and  that  withdrawing  from  warehouse  stock  of  ingredients  or 
of  packaging  material  be  done  on  a  first  in,  first  out,  basis. 

(7)  Although  drums  of  lard  and  other  ingredients  in  metal  containers 
should  preferably  be  on  skids,  there  is  no  objection  to  storing  them  directly 
on  the  floor,  provided  the  area  is  clean  and  the  barrels  are  moved  at  least 
every  two  weeks. 

(8)  It  is  very  important  to  make  sure  that  no  bag  of  ingredients  comes 
in  contact  with  foot  traffic.  All  foot  traffic  areas  must  be  considered  dirty. 

(9)  Once  bags  or  containers  are  opened,  they  should  either  be  re¬ 
moved  from  the  storage  area  or  should  be  sealed  to  their  original  state. 

(10)  All  materials  and  equipment  not  being  currently  used  should  be 
moved  to  storage  facilities  outside  of  the  active  storage  area.  There  is  a 
tendency  to  let  inactive  pan  storage,  standby  machinery  storage,  and  other 
miscellaneous  storage  gradually  encroach  upon  these  areas.  Because 
such  equipment  is  seldom  disturbed,  after  a  period  of  time  it  can  develop 
into  harborages  and  breeding  places. 

(11)  In  removing  stored  materials  to  the  scaling  area,  care  should  be 
taken  to  clean  the  bags  and  other  containers  of  dust  on  the  exterior  sur¬ 
faces  This  IS  necessary  due  to  the  inevitable  practice  of  shaking  the  in¬ 
verted  bag  over  the  dump  sink  or  scaling  container.  Unless  the  exterior 

of  the  bags  IS  kept  perfectly  clean,  the  transfer  of  dirt  from  the  exterior 
surface  is  most  likely. 


Cold  Storage 

AdequiUe  cool  and  cold  storage  space  should  be  provided  Cool  stor 
age  is  defined  as  cold  storage  at  or  above  32°F.  In  general,  the  same  good 
orage  jiractices  required  in  dry  storage  areas  apply  in  refrigerated  rooms 

been  in  transit  n'  '"^Pection  because  such  materials  may  well  have 
n  transit  without  refrigeration  for  some  hours 

The  thawing  of  frozen  products  should  take  place  preferably  in  a 
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tempering  room.  If  tliis  is  not  possilile,  tliere  sliould  lie  a  carefully  planned 
(hawing  schedule,  (lareless  thawing  at  room  temperature  can  produce 
off-flavors  because  the  exterior  portions  of  the  materials  in  any  given  unit 
may  begin  to  spoil  before  the  interior  core  is  completely  thawed.  This 
is  possible  because  most  food  substances  are  poor  conductors  of  heat. 

All  material  in  storage  should  be  covered  in  an  air-tight  condition. 

High  humidity  is  objectionable  in  cool  storage  since  it  can  cause  mold 
growth  to  start.  If  this  condition  should  develop,  some  moisture  absorb¬ 
ent  such  as  calcium  chloride  should  be  used  to  reduce  the  humidity. 

Storage  containers  should  never  be  placed  directly  on  the  floor.  Wood 
stripping  or  pallets  should  be  provided  so  that  the  first  layer  of  con¬ 
tainers  is  about  2  or  3  inches  off  the  floor  and  additional  stripping  should 
be  provided  every  2  or  3  feet  of  layers.  The  containers  should  not  be 
stacked  closer  to  the  walls  than  six  inches  and  to  the  ceilings  than  twelve 
inches.  Six  inches  clearance  shoidd  be  provided  between  the  topmost 
container  and  the  ceiling  coils.  Aisles  should  run  parallel  to  the  ceiling 
coils.  When  these  coils  are  defrosted,  the  ingredient  containers  beneath 
them  should  be  covered  with  a  tarpaulin. 

Kxcessive  circulation  of  air  in  the  storage  room  should  be  avoided.  It 
is  necessary  only  to  gently  move  the  air  at  low  velocity  around  the  con¬ 
tainers  to  achieve  the  desired  results. 


Bulk  Storage 

Bulk  storage  can  be  divided  into  two  classifications,  granular  and  fluid 
or  liquid.  Although  it  is  possible  to  handle  the  majority  of  baking  in- 
gredients  in  bulk  form,  economics  liave  generally  restricted  the  granular 
materials  to  patent  and  clear  Hour,  cane  and  beet  sugar,  corn  sugar  and  in 
some  installations,  salt.  The  ingredients  usually  handled  in  a  fluid  or 
liquid  state  include  lard,  vegetable  sliortening,  cane  and  beet  sugar,  corn 

syrup,  milk,  and  eggs. 

In  planning  facilities  for  the  storage  of  these  ingredients,  the  same 
principal  end  results  shoukl  be  kept  in  mind  as  govern  the  handling  o 
ingredients  in  bags,  boxes,  drums  or  tins.  As  stated  before,  e™ry  effo 
should  be  made  to  insure  that  the  raw  materials  are  not  contaminat 

while  awaiting  use. 

In  selecting  materials  for  the  construction  of  bins,  tanks,  pipes,  pumps 
mete;s  !and  idl  other  equipment  the  surface  of  which  comes  in  o  con  a  t 
with  the  ingredient  being  stored  or  transported,  care  should  he  t. 
be  certain  diat  the  surface  is  non-toxic,  non-absorbent,  is  odorless  and  is 
durable  enough  to  be  unalfected  by  ordinary  cleaning  methods. 

sn,.,  .a,*,.  . . .  '■*  •“* 
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distribution  facilities,  the  cleaning  and  sanitizing  requirements  of  each 
element  must  be  kept  in  mind. 

The  subject  of  design  criteria  is  much  too  weighty  to  be  discussed  at 
great  length  in  this  chapter.  The  Baking  Industry  Sanitation  Standards 
Committee,  511  Fifth  Avenue,  New  York  City,  is  now  engaged  in  writing 
a  Sanitation  Standard  to  govern  in  the  design  and  construction  of  such 


facilities.  It  is  highly  recommended  that  anyone  interested  in  making  an 
installation  for  handling  ingredients  in  bulk  obtain  these  Standards. 

There  are  several  specific  examples,  that  should  be  discussed  under 
this  heading,  of  precautions  that  should  be  taken  in  addition  to  proper 
design  of  equipment  in  order  to  obtain  best  results  from  a  bulk  installa¬ 
tion. 

The  possibility  of  lards  and  shortenings  becoming  rancid  in  bulk  stor¬ 
age  can  be  minimized  by  adding  an  antioxidant  at  the  refinery.  When 
storage  at  the  bakery  is  for  long  lengths  of  time  it  is  sometimes  desirable 
to  fill  the  head  space  of  the  storage  tank  with  nitrogen.  This  procedure 
will  provide  a  maximum  of  protection  for  preserving  the  bland  flavor  of 
fresh  shortening. 


In  planning  storage  tanks  for  liquid  cane  and  beet  sugar,  fittings  should 
be  provided  diametrically  opposite  each  other  at  the  top  of  the  tanks  to 
receive  a  blower  on  one  end,  and  an  exhaust  on  the  other.  Each  should 
be  provided  with  a  filter  to  prevent  entrance  of  dust  and  insects.  These 
are  for  the  purpose  of  ventilating  the  void  in  the  tank  above  the  liquid 
sugar  level,  to  prevent  the  formation  of  condensation.  If  allowed  to  form, 
condensation  will  dilute  the  surface  of  the  liquid  sugar  and  make  it  more 
susceptible  to  the  action  of  bacteria.  A  blower  of  50  c.f.m.  capacity 
normally  is  adequate.  Excessive  movement  of  air  will  result  in  evapora¬ 
tion  and  subsequent  crystallization  of  sugar  on  the  surface  of  the  liquid. 

Ultra-violet  lamps  should  be  installed  in  the  top  of  the  tanks  for  the 
purpose  of  killing  bacteria,  yeasts  and  molds. 

It  is  recommended  that  the  3-A  Sanitary  Standards  of  the  Dairv  In- 

clustiy  be  consulted  in  the  design  of  bulk  handling  facilities  for  handling 
liquid  eggs  and  fluid  milk. 


MATERIALS  HANDLING  OF  INGREDIENTS  WITHIN  BAKERY 


Tl,e  select.,,.,  „f  .nuterials  handling  equipment  for  use  in  transporting 
the  ,ngre<l, cuts  from  the  receiving  dock  to  storage,  through  the  Lragf 
period,  and  from  sto, age  to  the  scaling  areas  demands  a  knowledge  of  the 
inpment  that  is  availahle,  its  limitations  as  well  as  its  strong  points  a 

■  r,  application,  and  a  studv  of  the  economic' 

tnvolved,  e.g.,  first  cost  versus  benefits  derived  from  its  use 
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Analysis  of  Equipment  Required  for  Its  Particular  Application 

Detailed  design  criteria  should  be  prepared  preliminary  to  selecting 
any  item  of  material  handling  equipment.  The  weight  and  shape  of  loads 
to  be  handled  on  pallets  and  skids  should  be  determined.  The  allowable 
stacking  heights  within  the  storage  building  should  be  determined.  Rates 
of  flow  of  conveyors,  speed  of  travel  of  fork  trucks  and  transporters,  and 
method  of  shipping  to  be  used  to  the  bakery  should  be  decided.  Modules 
of  pallet  sizes  should  also  be  established.  Other  considerations  are  the 
weekly  usage  of  various  ingredients  and  the  inventory  to  be  carried. 
Special  considerations  should  be  listed,  e.g.,  will  fragmentation  of  granu¬ 
lated  sugar  crystals,  occasioned  by  some  methods  of  conveying  be  objec¬ 
tionable. 

After  this  preliminary  data  is  assembled,  the  economics  of  alternate 
methods  should  be  worked  out. 

Generally  speaking,  sanitary  considerations  dictate  that  in  selecting 
pallets,  skids,  shelving  and  racks,  the  more  open  the  construction,  the 
better.  In  this  same  vein,  steel-wheeled  warehouse  carts  and  transporters 
should  be  avoided  to  prevent  excessive  floor  wear  which  in  turn  would 
result  in  dusting  of  the  surface. 


Description  of  Equipment  Available  for  Transporting 
Raw  Materials  to  and  From  the  Storage  Areas 

The  equipment  required  to  implement  a  successful  inateiial  handling 
program  in  a  modern  bakery  ranges  from  the  conventional  warehouse 
line  of  pallets,  skids,  warehouse  carts,  transporters,  and  fork  trucks  to  the 
more  specialized  systems  of  mechanical  and  pneumatic  conveyors,  tanks, 
pumps  and  piping  systems  and  weighing  systems  required  for  bulk 
handling  installations.  To  cover  the  subject  as  intensively  as  possible 
without  repetition,  the  warehouse  equipment  will  be  treated  as  a  separate 
category.  The  conveyors,  both  mechanical  and  pneumatic  will  be  de¬ 
scribed  brieflv,  and  then  under  separate  headings  each  of  the  prmcipifl 
ingredients  now  handled  in  bulk  will  be  discussed  in  moi'e  c  etail  with 
regard  to  the  particular  type  of  haudling  equipment  that  should  be  used 

in  each  application. 


Warehouse  Equipment.— 

( 1 )  S/.<;;tJmK.-lngre(lient  storage  sliclving  can  be  made  of  eitlier  wcard 
or  stril  constrnction.  In  eitbra-  ease  all  joints  between  tire  shelving  at  b 
.erticad  snpports^sbonM 

at'dTbe  s’pacc“between  the  lower, nost  shelf  and  the  floor  sbonld  also  be 
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left  open.  It  is  usually  advisable  if  possible,  particularly  with  steel  shelv¬ 
ing  to  use  a  type  that  allows  vertical  adjustment  of  shelves. 

(2)  Racks.— Racks,  as  described  under  this  heading,  are  used  for  the 
storage  of  materials  in  drums.  They  should  be  built  of  steel  pipe,  and  the 
pipe  ends  should  be  sealed.  The  first  horizontal  support  should  be  a 
minimum  of  18  inches  above  the  floor.  The  racks  should  be  portable  so 
they  can  be  moved  for  easy  cleaning  of  the  floor  area  beneath  them. 

(3)  Pallets.— PaWets  are  simple  platforms  providing  top  and  bottom 
bearing  surfaces  and  a  slot  for  insertion  of  the  lifting  device.  Pallets 
are  made  of  wood,  steel,  aluminum,  expanded  metal  and,  in  some  cases, 
a  combination  of  cardboard  and  wood.  The  latter  type  has  been  called 
the  throw-a-way  pallet.”  Pallets  are  made  as  either  single-faced  or 
double-faced  units.  When  they  are  made  of  wood,  the  slats  used  for  the 
facing  material  are  spaced  so  that  foreign  materials  can  easily  be  brushed 
through  the  openings. 


(4)  Skids.—Skids  are  commonly  all  wood,  all  steel,  or  steel  and  wood 
constiuction  combined.  They  consist  of  platforms  equipped  either  with 
runners  or  with  four  legs  to  hold  the  platforms  6  to  8  inches  off  the  floor 
to  provide  clearance  for  the  platform  of  a  lift  truck.  Skids  are  sometimes 
constructed  with  only  two  legs  provided  at  one  end  of  the  platform.  The 
other  two  corners  are  then  supported  on  small  diameter  wheels.  A 
small  diameter  pin  is  positioned  midway  between  the  two  fixed  legs  of 
the  skid.  This  skid  can  then  be  moved  by  means  of  a  “fifth  wheel”  which 
IS  used  to  engage  the  small  pin  referred  to  above.  In  its  stored  position 
herefore,  the  skid  is  supported  by  two  fixed  legs  and  two  small  wheels, 
n  Its  portable  position,  it  is  supported  by  the  two  small  wheels  and  the 


(5)  Shd  Truck.  This  truck  eonsists  of  two  small  diameter  wheels 

engates*'’Tlv  ‘‘f  the  operator 

engages.  By  means  of  a  tilting  operation,  the  small  platform  atop  the 

nf  iK  *  above-described  “live  skid  ”  The  e  in  ieitv 


kilt’ 

wheels  It  cm  bf  '  1  /  supported  on  two  small  diameter 

i.  ..ttw  1.'  iiiri  rfi, tii 

the  floor  and  the  bottom  of  t  c  h  ''"i  '’‘‘‘"'t'"' 

"’f  so  that  die  load  s  T!  <>" 

^legree  angle  to  the  floor.  i‘inspoited  at  approximately  a  45 
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Fig.  38.  Cut-Away  View  oe  a  Typical  Screw  Conveyor 


(7)  Transporters.— Ti'dnspoiteYS  are  small  lift  trucks.  They  com« 
eciuippecl  with  either  a  high  or  low  lift  and  are  either  manual  or  powerei  ' 
in  operation.  They  are  used  for  short  movements  of  material  on  skicH 
or  pallets.  They  are  of  particular  benefit  in  unloading  truck  and  raii^ 
car  shipments  from  the  car  or  truck  to  the  receiving  platfomi.  They  caiij 
be  furnished  with  only  their  travel  powered  or  with  both  the  lift  operaij 
tion  and  the  travel  powered.  The  power  source  is  an  electric  storage 


battery. 

(8)  Fork  Trucks.-The  fork  truck  is  used  in  warehouse  operations  fo= 

the  handling  of  heavv  loads.  These  tracks  have  varying  heights  of  hlk 
that  enable  the  operaior  to  stack  palletized  loads,  one  on  top  of  the  oto 
They  have  speeds  of  travel  in  excess  of  a  man  s  normal  walking  la  e. 
trucks  mav  be  classified  as  to  power  source  as  follows,  ^ ^  ^  .1, 

where  the  storage  battery  supplies  the  energy  for  electric  con  ol  a. 
power  transmission,  (b)  gas-electric,  where  the  power  source  is  a  ga, 
Ligine  generator,  and  (c)  gas-mechanical,  where  the  power  source 

gasoline  engine. 

(9)  Special  Bulk  Containers.-\u  the  evolution  of  ^'evelopnig  mea^ 

factory  in  certain  types  of  applications.  ,v„oden  skid  Aiiotli' 

of  cardboard  sides  and  top  with  a  base  similar  to  a  uooden  skid. 
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I'lnit  that  has  been  used  successfully  was  made  of  rubljer  The  rubber 
by  means  of  a  transporter  a 

Si  iLkeoi  cTn  brchss*i^''!fl'Sll  i"  mgietlients  witlii,, 

lontinuous  flow  conveyors  ^  conveyors,  and  (b) 

;'-^»apcd  trough.  As  the  shabl„« 
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forward  ])y  the  tlirust  of  the  lower  part  of  the  helix  and  is  dischargecF. 
through  openings  in  the  bottom  of  the  trough  or  at  the  end.  This  type 
ol  eonvevor  is  partieularly  suited  for  moving  materials  short  distances  oir 
a  horizontal  line,  (’are  should  he  taken  that  all  parts  of  the  rotating, 
element  and  the  interior  of  the  housing  be  readily  accessible  for  com 
plete  cleaning  and  that  the  housing  be  completely  dust-tight. 

The  continuous  jiow  conveyor  (Fig.  39)  is  a  machine  in  which  the 
material  moves  slowly  within  a  duct  as  a  continuous  core.  An  Englishmai 
named  Redler  first  devised  this  method  of  moving  a  flowable  granula 
material  by  means  of  spaced  flights  attached  to  a  steel  cable.  Conveyo 
manufacturers  in  this  country  have  refined  the  original  design,  substituting 
chains  for  the  cables. 


This  type  of  conveyor  will  self-load  itself  to  capacity,  cannot  overloac 
and  does  not  recpiire  a  feeder.  It  conveys  material  equally  well  verticalF 
as  horizontally.  It  is  adaptable  to  a  wide  variety  of  granular  material 
and  is  a  very  economical  means  of  conveying  from  a  first  cost  standpoint! 

A  pneumatic  conveying,  system  differs  entirely  from  other  machines  fo« 
transporting  materials.  It  depends  on  an  air  stream  to  move  granulai 
materials.  The  movement  of  this  air  can  transport  material  on  eithe 
the  suction  side  of  the  blower  (called  the  exhauster  in  this  application 
or  on  the  pressure  side,  depending  on  the  particular  design  of  the  convey 
ing  system.  Material  is  fed  into  the  air  stream  by  means  of  a  feedi 

rotating  at  a  predetermined  rate. 

The  material  is  separated  from  the  air  at  the  point  of  discharge  int 
the  storage  bins  by  centrifugal  means  or  highly  efficient  filters,  or  botll 
A  secondary  reclaiming  system  is  sometimes  used  to  further  recover  mix 
terial  from  the  air  discharged  through  vents  at  the  tops  of  the  tanks. 
This  type  of  conveyor  has  been  used  principally  for  the  moving  « 

Hour  and  sugar  within  a  bakery.  ,  .  i 

In  some  special  installations  where  breakage  of  fragile  granulate 
sugar  crystals  was  undesirable,  apron  type  conveyors  have  beeu  use 

for  horizontal  movement. 

Bulk  Handling  of  Flour.-A  complete  bulk  flour  handling  sys  em  x. 

,, 

units  incindes  a  beginning  and  end  ot  floui  conveyanc  . 

tions  listed  below,  when  connected  by  conveying  tedres  wdl  t.ansi 

Honr  from  the  point  of  receiving  to  the  point  of  nse. 

(1)  Transportation  of  Honr  from  null  to  bakeiy  ly  5u 

<■“"  . . . . 

Its  ol  Wowo.  ( o. 
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Uf  rrt^a  s^(j^ 

1C..  40.  A  Typical  Arrangement  for  Unloading  Bulk  Ft  otitt 
TB....KS.  SHOW.NC  .  SCH.VV  COWV.VOH  U.HKB  xT/sTO„rCE  B™" 


veitrs-^r  horizontal  type 

(4)  Conveying  Hour  between  storage  tanks  and  sifter. 

tfi  H  ^  conveying  from  sifter  to  use  bin. 

I  )  Hold  in  use,  or  service  bin. 

( 7 )  Convey  from  feeder  under  use  bin  to  scale  hopper. 


or 
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(8)  Pass-through  scaling  operation.  (Three  sealing  arrangements  an. 
shown  in  Figs.  40,  41,  and  42. ) 

( 9 )  Convey  to  mixers. 

( 10)  Disposing  of  used  air  at  all  transfer  points. 

(11)  All  of  the  above  groups  are  timed  and  controlled  by  a  complete 
overall  electrical  circuit  which  interlocks  and  sequences  operations. 

Special  railway  cars  have  been  manufactured  by  General  American 
Transportation  Company  for  transporting  flonr  and  sugar  in  hulk.  The* 


Si /oe  "JBoTion 
sroMa^  ^/rrs 


(ptrevTCP) 

Courtestj  of  Fred  D.  Pfening  Co. 

Fig  41  Typical  Arrangement  for  Unloading  Bulk  Flour 
Trailers,  Showing  Individual  Scales  at  Mixers 


are  loaded  by  gravity  through  the  roof  hatches  and  arn  be  unl»>  Jd 

either  a  vacuum  or  pressure  pneumatic  '‘'f ‘"j;  Ji^dow  tJ 

the  bottom  outlets  is  such  that  they  can  discharge  PI 

track  or  into  any  mechanical  conveying  system-permanent  ‘ 

Tlie  bottom  of  the  compartments  in  the  cars  J 

„i„  ,1,.  I„||  i™e.h  oi .  ^ 
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underside  of  die  Airslide  faliric  is  totally  encased  by  a  U-sectioii  of  steel, 
vvliich  acts  as  a  chamber  to  allow  the  low  pressure  air  to  completely  per¬ 
meate  the  Airslide  fabric,  thereby  effecting  aeration  of  the  flour  during 
unloading.  This  aeration  effect  causes  the  material  to  flow,  liy  gravity, 
down  the  Airslide  fabric,  which  slopes  at  an  angle  of  approximately  15 
degrees  to  the  discharge  outlets  located  at  the  center  of  the  car. 


(  CAfreo  ' 


Courtesy  of  Fred  D. 


tiG.  42.  Arrangement  f 
Showing  a  System 


OR  Unloading  Railroad 
wn  H  Central-Scaling 


Pfennig  Co. 
Cars, 


In  the  design  of  the  Airslide  car  (Fig  43)  iRp  fpU,,  •  r 
embodied  in  an  effort  to  reduop  in  ’  i  features  are 

tained  after  unloading:  (1)  all  w'l  1  the  amount  of  material  re- 

the  body;  (2)  the  slope  sheets  eonstruction  is  used  throughout 

wirn  resuJtant  minimum  product 
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Fig.  43.  The  “Air-slide”  Haieuoad  Car 


Fig.  44.  4'yric:al 


Sieo-4'yi>e  Storage  Bins  en  route  To  a  B.ykery 


retention-  and  (3)  structural  memlters  and  protuberances  have  be. 
d  >0^1 exterior  of  car  to  provide  for  a  snrooth,  inter.or  surb.ce^  ^ 
‘pig  44  shows  tvpical  silo  type  storage  bins  enroute  to  a  bake, 
st-.llation  Another  widely  use<l  type  of  bin  .s  ot  horizontal  type 
:::;;ra.,dbson,etn™^ 

storage  tanks  a.e  unloaded  by  ,nc  u  >  oftentimes  tl 

r;' . .  “■  “■  “ 

same  way  as  the  bulk  railroad  cai. 
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Screw  conveyor 
sugar  to  process' 


Building  wall 


Overflow  sugar 
spout  — return 
to  storage 


Conveyor  elevator 
capacity  18-20  tons /hour 
bulk  flow,  redler,  or  bucket  elevator 


— Levelling  screw  conveyor 
if  desired 


Unloading  screw  conveyor 


capacity  18-20  tons /hour 
watertight  cover 


^  Insulated  storage  bin 
usual  minimum  capacity 
700  bags  (equivalent 
to  1400  cu.  ft.) 


Rotary  cut-off  valve 


Spout  —  sugar  from 
storage  to  process 


Receiving  hopper  for  gravity 
discharge  from  bulk  granulated 
sugar  truck  using 

Pit  for  elevator  boot  and  flexible  stocking 

screw  conveyor  —  watertight  cover 

Courtesy  of  C.  and  H.  Sugar  Refining  Co. 

45.  A  Bulk  Granulated  Sugar  Storage  Installation  Adaptable  to  either 

Rail  or  Truck  Deliveries 

liulk  flour  trailers  are  available  with  either  the  Airslide  bottoms  or 
sciew  conveyor  unloading.  They  are  also  usually  equipped  with  a  blower 
nmt  so  that  the  material  can  he  pumped  directly  into  the  users’  storage 

There  are  several  types  of  blowers  available  in  several  different  sizes. 
A  tins  po.n  .t  should  he  stated  that  for  satisfactory  operation  of  a  system 

to  "he’f  '"tl  velocity  in  proportion 

in  mat  I  "i  .  care  should  be  taken 

m  making  all  calculations. 

Bulk  Granulated  Sugar  Storage  Installation.-The  same  nil  and  tr.  el 
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Fig.  46.  Bulk  Sugar  In-Flant  Distribution  Systems 

Fig.  46  sliows  the  delivery  side  of  the  eonveyor  line  from  storage. 
screw  conveyor  is  tisnally  used  for  transporting  sugar  '  y. 

will  be  noted  that  a  pneumatic  system  is  indicated  in  t  le  owti  ng  i 

ctrn  Tgar  can  be  handled  through  a  system  similar  to  the  oi*. 
Handling  of  granulated  sugars  in  bulk  presents  very 

ESet  Sir: 'E' irScEyor  systd. 
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I  —  Auio/nm^ic  Af*^or- 


/^.s^ri6u^/o>t  cmn  arrm^ft^ 
/5j  «/>y  numier  of yo>ors 


Afonua/  Can^ro/ 

^u/'c/c  Oponirtf  1^4'e 

An^/'-^ra//^  '^/vo 

- C'us^oxnofs  Af/x/of  or//o/^/o^ 

Ta/t^J  or-  o^Acr  ^u/y/na/»^ 


£>/s^r/6utyon  A)Dtr>y  / 


A/r  /^iMer 
xoc/  S/otXxr 


A/r  /^///or 

i/Z^r^-i/'/o/etf  ^ay'  S^on'/am/as 

yf>J/>oc//or>  Oyon^f  f  0}\ror 

~SAafia  oocZ 
Coo^f  '/^oras 

Afa/aAo/e 

oo^ro/  A»r>o/  UJ//A 
fifutymen^  or^ 

yre  Sm/irA 


^'Ao/yy 

C^cA.  Vo/vc 

^psiA\rc  OASfiJaco/rten^  /^/rtp 
f  A>  Juf^  CotK/Z/zoaKS 

^t/zr?p  Suc//o/>  fi-oxf  S/oro^  TonJic. 


^fozn  or  MtsJ>o<j^  Va/^o 


z^eco/'Wrx^  /^OJe  ^«r>noc//Ar> 

Courtesy  of  C.  and  H.  Sugar  Refining  Co. 


F.o,  47.  .4  L„ju,„  SuGAn  Storage  and  Handling  Installation 

«™:s !“  x\';i,’  “ »”  « "■•!• 

Bulk  Handling  of  Liquid  Cane  and  Beet  Suear -Ficr  47  i 

s;Llr“;s: 

Ifittings.  I'lipnidit,  and  pipmf,  with  variou.s  valves  an 
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The  first  consideration  in  planning  a  licpiid  sugar  installation  is  the; 
storage  facility.  Factors  to  be  considered  are:  Average  usage,  peah 
usage,  proximity  to  source  ot  supply,  available  space  in  the  plant  and  cejsl 
of  storage  tanks. 

The  ideal  is  a  two-tank  system.  Utilizing  this  type  of  system,  each 
tank  may  be  completely  drained  and  liquid  sugar  is  used  on  a  “first  in- 
first  out”  basis.  Scheduling  of  orders  is  easier  and  cleaning  of  equipmen 
is  facilitated.  If  a  two-tank  system  is  decided  upon,  each  tank  should  havu 
a  capacity  of  one  load  of  licpiid  sugar.  This  would  be  determined  by  th(* 
size  of  equipment  used  for  delivery.  Truck  loads  usually  are  from  2,00« 
to  3,500  gallons.  An  air  space  approximately  one  foot  in  height  shoula 
remain  in  the  tank  when  filled.  This  precaution  prevents  liquid  sugaj 
from  getting  into  accessories  mounted  on  top  of  the  tanks. 

If  it  is  not  feasible  to  use  two  tanks,  the  single  tank  decided  upon 
should  have  a  capacity  of  one  load  plus  3  to  5  days  supply.  This  wouk* 
be  determined  by  the  servicing  facilities  offered. 

Gauges  for  measuring  inventory  in  tanks  are  of  two  types.  One  typ* 
provides  a  pipe  fitting  near  the  top  of  the  tank  and  one  near  the  botton 
for  installing  a  gage  to  determine  liquid  level.  The  gauge  consists  of 
clear,  unbreakable  plastic  tube.  It  is  attached  by  valves  which  aH 
screwed  to  pipe  fittings  welded  in  the  tank  wall.  The  bottom  vaK 
must  provide  a  means  for  draining  the  gauge.  The  other  type  is  a  floal 
operated  gauge,  with  a  dial  mounted  at  eye  level  on  the  side  of  the  tanM, 

Pumps  used  are  of  the  rotarv,  positive  displacement  type.  Procesi 
pumps  normally  are  controlled  automatically.  A  strainer  havmg  a  ra| 
movable  bronze  screen  or  perforated  bronze  basket  is  installed  as  | 
protection  ahead  of  the  pump.  Usually  a  pump  is  provided  on  liquii| 
sugar  delivery  equipment  for  unloading.  In  some  cases,  howevei,  i 

necessary  to  provide  a  second  pump  for  this  purpose. 

Meters  are  of  the  positive  volumetric  displacement  type.  ac  i  cy 
of  the  piston  in  the  meter  measures  and  discharges  a  definite  ''o'"'™  » 
liquid.  An  e.xtremelv  accurate  measurement  results,  which  may  be 
cLed  in  pounds  of ’sugar  or  in  gallons  of  liquid.  Quantities  are  set  hj 
push  buttons,  and  a  cumulative  totalizer  provides  an  mco  . 

automatic  st^p  as  an  accessory  on  the  meter  shuts  off  the  How  when  t  . 
desired  amount  of  liipiid  sugar  has  passed  through  the  metei,  am  m. 
the  system  automatic.  The  system  may  also  he  operated  mamu.  ^y. 

Piping  mav  he  ot  stainless  steel,  copper  or  galvanized  n  .  ..  ‘ 

pilots  hy  fm-  the  most  commonly  used,  as  it  is  less  expe->ve  Sc.ewn 
fittings  are  used  in  most  installations.  Qniek-action 

valves  are  preferred.  ,,  t,,.  food  indiis.n 


lubricaiit.s  must  be  uon-toxic  au( 
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Flow  rate  required  and  length  of  piping  determine  pipe  size  as  well  as 
pump  size. 

Piping  must  be  installed  to  provide  complete  drainage  of  the  system  for 
cleaning.  The  entire  piping  system  normally  is  kept  full  of  liquid  sugar. 

Bulk  Lard  and  Shortening.— This  material  is  received  in  bulk  in  special 
railroad  tank  cars  or  in  tank  trucks.  If  the  latter  is  used,  they  should  be 
of  the  type  used  to  transport  fluid  milk.  The  tank  cars  are  usually 
equipped  with  steam  heating  coils  to  liquefy  the  material  for  unloading. 
These  cars  normally  hold  60,000  lbs.  of  shortening.  Tank  trucks  usually 
have  a  capacity  of  30,000  lbs. 


Lnii.imatic  systems,  self-contained  portable  package  unit  and  metering  system  lor 

nydrolized  animal  fat 

Positive  displacement  type  pumps  are  used  for  pumping  sliortening 

tal  in  fact  anything  containing  copper  must  not  be  permitted  to  come 
n  contact  with  fats  since  even  extremely  minute  quantities  of  this  element 
greatly  accelerate  the  development  of  rancidity  in  fats 

All  valves  should  be  of  the  gate  type.  It  is  usually  advisable  to  trace 
al  pumping  lines  with  small  diameter  steam  pipe  I  with  eleM 

sary.  ^e  pair  of  lines  will  be  nece,s- 

A  typical  bulk  shortening  handling  installation  is  shown  in  Fig  48 

S-.  ...iT,  b,„ 
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Courtesy  of  Gircller  Process  Equipment  Div. 


Fio.  49.  VoTATon.  A  Machine  Used  fob  Plasticizing  Shortenings 


the  fonii  of  oil.  Fig.  49  shows  a  Votator  which  is  used  to  convert  the  on 
into  a  plasticized  state  which,  after  a  period  of  tempering,  can  he  used 

o,  . . . 

nrovicled  in  the  storage  tanks  to  prevent  stratification  of  the  oils. 

to  tep  the^ntire  system  filled  at  all  times  to  prevent  coa- 

densation  and  oxidation. 
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John  A.  Abbott 


Weighing  and  Mixing  Procedures 


INTRODUCTION 

After  the  baker  decides  what  weight  of  each  ingredient  to  use  in  a 
product,  he  must  measure  out  the  ingredients,  get  them  all  into  the  same* 
container  and  mix  them  together.  Within  the  memory  of  a  few  people- 
in  the  industry,  bakers  did  this  entire  operation  by  hand,  with  simple- 
measuring  equipment  dating  back  thousands  of  years  in  principle. 

The  need  to  reduce  labor  costs  and  to  improve  product  uniformity  leei 
several  years  ago  to  the  mechanization  of  the  mixing  operation  in  wholes 
sale  bakery  practice.  Through  mechanization,  productivity  was  raiseer 
until  labor  costs  of  the  operation  through  the  mixing  stage  comprises 
an  extremely  small  part  of  the  over-all  cost  of  production. 

With  2  or  3  bakery  equipment  manufacturers  dominating  the  field 
and  offering  similar  equipment,  the  bread  dough  mixing  process  wai 
rigidly  standardized  for  many  years.  A  generation  of  bakers  completec 
trade  schools  and  served  out  its  time  in  the  trade,  believing  implicit!: 
that  the  bread  making  process  in  use  was  dictated  by  some  immutabU- 

phvsical  law.  ,  . 

in  more  recent  years  the  curiosity  and  ingenuity  of  technically  tramei 

people  close  to  the  baking  business  have  resulted  in  innovations  m  proces- 
equipment  that  have  further  reduced  costs,  and  yielded  products  wit 
characteristics  different  from  the  long  accepted  standards.  The  difter 
ences  have  been  accepted  as  improvements  in  many  cases  and  the  new 
automatic  equipment  has  been  installed  as  often  for  the  desirable  changt 

in  product  as  for  the  economies  in  production. 

It  is  with  current  practices  and  eciuipment  that  this  chapter  on  weigh: 
i„g  and  mixing  is  cncerned.  It  is  assnmed  that  the  formnlas  are  known 
and  have  Ireen  properly  adjnsted  for  the  mo.stnre  content  of  ^ 

and  the  fermentation  and  hake-.nt  losses,  and  that  the  ingredients  ai 

available  and  ready  for  use. 


Lll 


WEIGHING  AND  MEASURING  DEVICES  AND  TECHNIQUES 

Batch-Type  Weighing  and  Measuring  Equipment 

Manual  Scales.-In  most  bakery  operations,  wholesale  as  well  as  reta 
the  iXr  iredients  for  each  batch  of  dough  or  hatter  are  weighed  on 

i;;;;;^AB.,orT  is  New  Products  Director,  Central  Engineering  Laboratories.  Fno 


Machinery  and  Chemical  Corp. 
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by  hand.  The  scaling  operator  starts  work  before  the  mixing  operation 
begins,  scales  several  batches  in  advance,  and  stays  ahead  of  the  mixer 
throughout  the  operating  day.  The  weighed  ingredient  portions  for  each 
Ixitch  are  kept  together  in  stock  pots  or  other  suitable  containers,  on 
racks,  dollies,  or  pallets,  until  used  by  the  mixer  operator. 


Courtesij  of  Exact  Weight  Scale  Co. 

Fig.  50.  Small  Scale  for  Bakery  Ingredients 


Equipment  for  weighing  minor  ingredients  is  simple  in  principle  but 
he  design  ,n.s  been  steadily  refined  to  give  maximum  accuracy  durabilitv 
and  ease  of  operation.  Excellent  bench  scales  to  fill  almost  any  con: 
ouenti  Tu  available  from  several  manufacturers.  Thev  are  fre 

Li.  7'  -I 

weights  in  the  oiit-of-balance  position 

(■‘foot-scoop”^''oVfhe\'rfUfOTnf^^  operator  places  a  receiving  container 
tare  weight  on  the  ti^  "  re  ““’f ‘'^is  with  an  equal 

weight  by  placing  weights  on  the  weight  "plutei^’t 
poise.  The  ingredient  is  poured  into  L  f  r  positioning  the 

to  on  the  even-balance  ...oU  „  '“oop  until  the  pointer 


reads  zero  on  the  even-balance  scale  The  pointer 

is  then  discharged  to  a  container.'  ‘  higredient 
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Evolutionary  progress  in  design  has  resulted  in  cpiick  damping  action  ! 
and  low  platform  deflection  to  allow  fast  reading.  The  accuracy  of 
these  commereial  scale  units  is  considerably  better  than  that  recpiired  for 
scaling  bakery  ingredients,  and  with  typical  scale  graduations  an  operator 
can  weigh  out  ingredients  to  plns-or-minns  one-fifth  of  one  per  cent 
accuracy  at  a  very  high  rate. 


Fig.  51.  Batch  Weigh  Hoppeu  fou  Flour 


For  scaling  ingredient  batches  np  to  150  or  2(X)  lbs.,  large  bend,  s^sj 

are  Xlnablehn  both  the  even-balance,  and 

S  ti:  bKU^atlng-dial  type  scales  n.ay  be  e.nippea: 

with  a  hand-set  automatic  stop  pointer  on  the  dial. 

Major  dry  ingredients-llonr  lor  bread  and  «  » "  ,  ,„|,i 

can  of  course  be  wdghed  .''where  the  flour  for  a  largi^ 

but  this  is  impractical  m  aw.  .<  ‘  i'’  g  gf  1,5  or  20  cubic  feeF 

batch  of  bread  dough  may  occupy  a  volume  ot 
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Handling  this  volume  every  15  minutes  requires  conveying  equipment 
and  some  degree  of  automation  in  weighing  techniques. 

Automatic  Scales.— The  most  common  method  of  weighing  hour  in 
wholesale  bakeries  is  with  a  weigh-hopper  mounted  on  a  beam  scale  di¬ 
rectly  above  the  mixer  as  in  Fig.  51.  Flour  is  conveyed  from  a  sack  dump 
bin  or  daily  use  bin,  into  the  weigh-hopper.  When  the  hopper  contains 
the  weight  of  hour  previously  set  on  the  scale  beam,  the  beam  rises, 
actuates  a  mercury  switch,  and  stops  the  conveyor.  The  scale  must  be 
adjusted  to  compensate  for  conveyor  over-run  to  give  an  adequately  ac¬ 
curate  weighing.  The  operator  discharges  the  hopper  directly  to  the 
mixer  at  the  proper  time. 

It  has  long  been  the  practice  in  many  weigh-hopper  installations  of 
this  type  to  charge  two  or  more  mixers  from  one  weigh-hopper,  mounted 
portably  on  a  structural  steel  track  above  the  mixers.  The  hopper  is 
moved  to  a  position  directly  over  the  mixer  to  be  next  charged.  However, 
as  screw  and  bucket-elevator  hour  conveying  systems  have  been  replaced 
by  pneumatic  conveying  equipment,  necessitating  permanent  connections 

to  the  hopper,  it  has  become  more  common  to  mount  a  weigh-hopper 
over  each  mixer. 


In  an  alternative  arrangement,  economical  where  three  or  more  mixers 
are  used,  a  single  weigh-hopper  may  be  remotely  located,  and  connected 
with  the  mixers  it  serves  by  pneumatic  conveyor  equipment  and  a  suit¬ 
able  switching  arrangement.  The  patented  Pfening  Central  Scaling  Sys¬ 
tem  IS  an  example.  A  scaling-room  located  hopper  mav  be  operated  bv 
he  scalei  and  actuated  by  signal  from  the  mixer  operator,  even  though 
the  hopper  IS  located  2  or  3  floors  below  the  mixing  room. 

11  a  mixing  operation  in  which  the  mixing  bowls  move  in  and  out  of 

the  mixer-as  with  the  large  cake  mixers  for  500-lb.  batches  of  batter  it  i- 
common  to  mount  weigh-honoers  for  Ho,.r  Dattei-it  is 

hopper  system.  ‘  ^  fiamework  supporting  the 

All  alternate  arrangement  to  thp  of  •  ^  ^ 

'yight”  scaling.  In  an  early  embodiment  of  Z 

dunip  bin  and  overhead  convevnr  1  ]■  Pimciple  a  small  flour 

large  scale-platform,  with  delivery  sratr^"  a 

to  the  mixer.  The  control  svsts  '  '  '  ananged  to  discharge  directly 

weight  of  flour  coul“L^^  rdi.d’TT^'' 

with  a  dial  and  pointer  and  the  conveyor 


338 


BAKERY  TECIHNOLOGY  AND  ENGINEERING 


actuated  with  a  pushbutton.  When  the  system  had  discharged  the  preset 
weight  of  flour,  a  mercury  type  switch  shut  off  the  conveyor. 

In  the  Pfening  “subtract-weigh”  system  this  principle  has  been  de¬ 
veloped  into  an  efficient  system  using  pneumatic  conveying. 

In  a  typical  installation  a  5()00-lh.  use-bin  can  be  mounted  on  a  sub¬ 
tract-weigh  platform,  in  the  flor  storage  room,  with  flour  batching  con¬ 
trols  and  scale  head  mounted  near  the  mixers.  A  remotely  operated  scale 
head  may  be  used  if  the  scaling  platform  is  not  in  a  direct  line  with  the 
desired  scale  head  location,  as  it  is  in  Fig.  52. 


Courtesy  of  Fred  D.  Pfening  Co. 


Fig.  52. 


Central  Subtract-Weigh  Scale  with  Remote 
Two  Dough  Mixers 


Dial  Servicing 


With  this  method  of  flour  scaling,  weighing  Tlu. 

lines  are  always  cleai. 
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I  Flour  (loliverv  rate  with  tliis  system  may  be  yaried  from  200  to  700  lbs. 

•  •  *  * 

I  per  minute.  Thus  the  holding  hoppers  aboye  seyeral  mixers  may  be  kept 
:  charged  according  to  the  mixing  schedule. 

I'  Volumetric  Measuring  Deyiees.— The  foregoing  discussion  was  con- 
cerned  with  apportioning  of  ingredients  by  weighing,  the  only  way  to 
'i  measure  accurately  a  material  of  yariable  bulk  density,  like  flour.  Granted 
it  is  practical  to  batch  flour  to  a  mixer  by  number  of  sacks,  but  it  was  first 
;  necessary  to  weigh  the  flour  into  the  sacks  at  the  mill.  Likewise,  eggs  for 


Courtesy  of  Read  Standard  Div 


l^iG.  5.3.  Automatic  Liquid  Batching  System 


j;™be;:r4:r:x  t;:  "V,:-  :r  -"’t 

i-latively  constlnt  7kI  r  "f"  °‘' 

(measured  witl,  sufficient  accuracy  bvvolunie  may  be 

i..mr::^TS"fi::‘S:i::t  ss.,:::? 

anie  meter  as  shown  in  Fig.  .5,3.  '  Tli'e  h-  ^  operated,  rotary  vol- 

imdicator  which  is  luind-set  for  tlie  •  T  geared  to  an 

■valve  closes  automatically  w,!:;,  tlm  T""'  '1  "'r'"''"'' 

dirough  the  meter.  '  ^  weight  of  water  has  passed 
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Water  meters  are  eoimeeted  freciueiitly  with  botli  hot  and  eold  water 
supplies  tlirou^h  a  mixing  valve.  By  adjustment  of  the  valving  the  op¬ 
erator  ean  delixer  to  the  mixer  \\ater  of  the  desired  intermediate  tem¬ 
perature. 


Fig.  54.  Ingredient  Sgaling  St.xtion  Handling  Six  Dry  Ingredients 


Obviously  tliere  is  an  inaccuracy  inherent  in  tins  system  due  to  vanabil- 
itv  of  specific  gravity  with  temperature.  However,  the  difference  m  spe-  ■ 
cific  grivitv  of  water  at  6S°F.  from  that  at  ,S6°F.  is  only  one-fonrth  of  on 
per  cent,  and  this  error,  combined  with  that  dr.e  to  dimens.onal  te  -  ■ 
perature  changes  in  the  nretal  parts  of  the  meter  is  T-rte  ms.gmfic  t 
Manufactnrers  report  accuracies  at  any  point  on  the  dial  withm  U 

%he"advantages  of  this  type  of  meter  are  unquestioned  and  its  nse  isr 
universal  in  the  Iraking  imlnstiy.  Sanitary  Hpe  rotaiy  meters  are  ava.labH 

for  metering  premix  biw  n*  apportioning  water: 

Occasionally  one  secs  a  can  me  ,i„fnnvitic  waten 

by  volume,  connected  into  the  water  supply  '"Y’  tening  can  bo 

meter  has  replaced  most  such  equipment.  Liquid  g 
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Courtesy  of  Richardson  Scale  Co. 

Hic..  55.  Cenikal  Control  Panel  for  Ingredient  Scaling 


Installed  hy  Hithardson  Scale  Company  in  tlie  Philadelphia  bakery  of  fhe 

National  Biscuit  Company. 


latch-nietered  conveniently  l^y  volnnie.  Storage  niav  be  in  tlie  lit.nid 
orm  ,n  large  heated  tanks,  purged  with  inert  gas,  or  in  the  plastic  form 

electn'rdl  f 't  “‘m  steam  oi¬ 
led  t^M  T  shortening  is  metered  and 

DositiVe  !k  shortening  is  metered  through  a 

positive  displacement  pump,  operated  at  constant  speed  for  a  definite 

1  eset  time  interval  depending  on  the  quantity  of  shortening  desired  ’ 

n  egrated  Automatic  Batching  Systems.-With  the  methods  described 

Si“  ‘Z';S,:rir  "'r'r" 

.1,.”  ,  »« vs..,,.  I.. 

gredieninn'tiiL^^Lt,;™^  "  small  in- 

can  he  obtained  to  deliver  small  '  f  ""S  deeding  equipment 

(Fig. .54).  '>t  ^>‘y  solids,  Arkady,  etc. 

io-':i:f  !!;:Hr:  sX'^:::!  1 

trolled  trom  a  central  panel  by  one  open.ton’ ‘ 


con- 
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Courtesy  of  Toledo  Scale  Co. 

Fig.  56.  Toledo  Scale  System  Control  Panel  with  Operator 

Inserting  “Batchboard 


The  central  scaling  control  panel  shown  in  Fig.  55  was  instal  eel  by. 
RichardsoTi  Scale  Co.  in  the  new  Philadelphia  plant  of  National  Ihsciut 
Co.,  with  a  complete  ingredient  batching  system.  This  central  panel  is-i 
designed  in  three  sections,  each  controlling  the  supply  of  .5  m  i  nigrec  i-: 
ents  to  4  or  .S  mi.xers.  The  operator  has  a  mi.xer  selector  switch  on  eac 
panel  section,  a  dial  to  set  the  desired  ingredient  weight,  and 
deliver  the  ingredient  to  the  proper  mixer.  Signal  lights  infoim  1 1 
the  ingredient  has  been  delivered. 

hilt  os  onlv  a  l.ort  step  from  this  system  to  a  fully  autoinatie  one  whei 
the  programming  is  done  by  a  punched  card  or  perforated  tape,  on  whichl 

the  formula  information  is  stored.  .  ,  ,  i  f  •  r-nmnier 

One  new  system  embodying  this  pnncip  e  las  uen  1^^*  "  punched 
cial  operation  by  the  Toledo  Scale  "  “f  "j,; '  ilr, 

cards,  “batehboards”  are  iiseil  to  batch 

board  is  actually  a  small  portable  switching  device.  An 
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Courtesy  of  Toledo  Seale  Co. 
Fig.  57.  Close-up  View  of  Batchboaru  and  Receptacle 


sired  to  r  ,n  r 

IouZT  i  '’“tclrboard  is  inserted  into  the  central  eon- 

t.0l  panel  as  shown  nr  Fig.  ,56.  A  close-t,p  of  the  batchboard  is  show.r 

fo.™da°^  WhenTl^T  t”,’^ impossible  to  rnis-scale  a 
autorrnatically  ‘^splayed  i.VrNilL^u'dSLH^^^^^^^ 

operZ’sSe'lS^rlirof  b  U  ^  the 

f-entral  control ^3’:::  tte'^^  3h33^ 

--  -per 
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the  mixer— not  the  rate  at  which  it  is  delivered.  A  continuous  mixer, 
however,  must  receive  a  stream  of  all  ingredients,  each  at  the  correct 
constant  rate  to  give  it  the  proper  proportion  in  the  finished  mix.  Con- 
timioiis  mixers  must  therefore  he  fed  hy  continuous  metering  devices. 

The  water  meters  previously  described,  although  they  discharge  the 
water  in  a  continuous  stream,  are  not  continuous  meters,  hut  batching 
meters.  The  rate  of  water  discharge  is  not  constant  hut  depends  on  pres¬ 
sure  gradient  across  the  metering  system. 

Continuous  metering  is  rate  metering,  expressed  in  pounds  per  hour  or 
pounds  per  minute.  The  product  of  the  metering  rate  and  operating  time 
is  the  quantity  metered. 

The  shortening  meter  consisting  of  constant  speed  pump  and  timing  de¬ 
vice  is  a  rate  meter.  Operation  for  a  given  period  delivers  the  definite 
quantity  needed  for  the  liatch.  The  shortening  meter  could  operate 
uninterruptedly  to  feed  a  continuous  mixer,  and  it  would  then  he  func¬ 


tioning  as  a  continuous  meter. 

In  a  continuous  mixing  system  it  is  sometimes  impractical  to  meter  all 
the  minor  ingredient  streams  continuously,  and  several  of  them  may  he 
pre-combined,  batchwise,  into  a  larger  stream  for  better  metering  with 
fewer  pieces  of  equipment. 


Continuous  Solids  ^letering. — Dry  solids  such  as  flour  may  be  satisfac¬ 
torily  measured  in  a  continuous  volumetric  feeder,  if  the  variation  in 
bulk  density  of  the  solid  is  low  enough  to  allow  operation  within  the 
tolerable  limits  on  scaling  accuracy.  One  type  of  commercial  volumetric 
feeder,  the  Omega  Rotolock,  has  a  horizontal  cylindrical  rotor  with  vol¬ 
umetric  pockets,  revolving  beneath  a  gravity  feed  hopper.  The  rotor 
turning  at  a  preset  constant  speed,  delivers  a  fairly  constant  volume  o 
drv  material  from  the  pockets.  Rate  is  varied  by  changing  rotor  speed, 
or' within  wider  limits,  by  changing  rotors.  The  advantages  of  this  type 
of’  feeder  are  moderate  cost,  rugged  construction  with  reasonable  meter¬ 
ing  accuracy  (depending  on  the  solid  metered)  and  an  extremely  wide 
range  of  possible  metering  rates. 

In  another  tvpe  of  volumetric  dry  feeder,  a  horizontal  circular  disc  ro- 
fates  beneath  a  gravity  feed  hopper  and  carries  a  layer  of  dry 
a  irate  A  spiral  screed  discharges  the  material  from  the  disc.  Gate  hei„l 
is  variable  to  give  a  rate  variation  of  20  to  1.  A  much  wider  variation  is 
Dossihle  hy  changing  gears  in  the  transmission  driving  the  disc. 

■  The  advantages  of  this  type  of  feeder  are  simple  constrnction  and  low¬ 
est  cost,  coupled  with  fair  accuracy  (quoted  ±.3  per  cent  hut  this 

viously  depends  on  the  characteristics  of  the  solid). 

For  any  new  dry  feeding  application  these  volumetric  devices  shoni 
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be  evaluated  to  determine  whether  they  provide  sufficient  accuracy,  since 
tliey  represent  the  least  cost. 

Unlortimately  the  major  bread  ingredient— Hour— cannot  be  metered 
practically  in  this  equipment  in  a  commercial  wholesale  bakery.  This  is 
due  to  two  important  factors  in  addition  to  the  limitations  of  the  feeder. 

First,  the  conditions  under  which  flour  is  handled  and  conveved  in  the 
bakery  make  it  virtually  impossible  to  hold  a  constant  bulk  density.  Flour 
“fluffs”  to  various  degrees,  depending  on  its  grind,  blend,  moisture  con¬ 
tent,  and  method  of  conveying.  Moisture  content  varies  with  condition 
of  storage.  The  flonr  undergoes  a  change  in  bulk  density  on  standing 
in  a  hopper,  particularly  if  it  is  vibrated. 

Second,  the  absorption  rate  (ratio  of  water  weight  to  flour  weight) 
in  the  bread  production  process  is  critical,  and  a  tolerance  of  ±  1  per  cent 
is  desirable.  (It  should  be  noted  that  this  close  tolerance  is  not  neces¬ 
sary  to  make  good  bread,  but  is  necessary  to  insure  sufficient  uniformity 
of  dough  to  allow  efficient  operation  of  make-up  equipment. ) 

As  a  lesult,  continuous  flour  metering  systems  can  seldom  make  good 
use  of  the  volumetric  feeder.  One  important  exception  will  be  mentioned 
in  the  section  on  continuous  mixing. 


Moie  accurate  metering  can  be  obtained  for  flonr,  sugar,  etc.,  with  the 
gravimetric  belt  feeder.  A  typical  example  is  shown  in  Fig.  58.  Ma¬ 
chines  of  this  general  type  are  offered  by  two  or  more  United  States  man¬ 
ufacturers.  There  are  some  differences  in  the  operation  of  the  different 
models,  but  the  principles  are  similar. 


In  a  control  /-vf  +1-.^..  i. _ _ 


The  guaranteed  i 
feed  rate  over  the  e 


IS  ±1  per  cent  of  set 
e  sample  is  taken  over 
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—  (in  sampling  posUionl 

Coi/rfcvi/  of  Omega  Machine  Co.,  Die.  of  B-I-F  Industiies 

Fig.  58.  Continuous  Weighing  Feeder 

a  two-ininnte  period.  Tlie  prolxible  ma.xiimim  error  is  less.  In  the 
continuous  mixing  systems  using  this  equipment,  the  premi.xers  and 
niixers  have  a  residence  time  on  the  order  of  two  minutes,  therefore  tto 
accuracy  is  tpiite  adequate  for  bakery  mixi.rg  operations.  Even  though 
the  instantaneous  feed  rate  during  n  two-minute  period  may  va>y  mo 
tlian  ±1  per  cent,  tlie  variations  are  damped  nut  in  tlic  accumulation  ot 

feed  over  the  period.  ft,,  Htiol  indi- 

Standard  accessories  for  this  eiiuipnieiit  are  feed  (iuantit>  ( tal 

cators,  rate  indicators  in  per  cent  of  maximum  and  variable  speed  tiansin  , 
"The  operating  range  of  the  commercially  available  gravimetric  feeders 
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is  sufficient  to  supply  flour  to  any  of  tlic  new  continuous  bakery  mixing 
systems. 

There  are  other,  more  elaborate  gravimetric  feeding  systems  that  could 
be  used  to  feed  bakery  solids.  One  example  is  the  Omega  loss-in-weight 
system,  which  is  not  limited  to  feeding  free-flowing  pulverized  solids 
such  as  flour,  but  will  handle  granular  or  lumiD  material  up  to  one  inch  in 
size.  This  more  expensive  system  is  not  warranted  for  bakerv  use. 

Continuous  Fluid  Metering.— Fluids  metered  into  continuous  mixing 
equipment  include  water,  pumpable  premix  batches,  shortening,  and  air. 
Volumes  have  been  written  on  metering  of  fluids  and  there  are  countless 
varieties  of  equipment.  Because  bakery  equipment  must  be  sanitary. 


Courtesy  of  Waukesha  Foundry  Co. 

tic.  59.  Waukesha  Liquid  Metering  Pump 


Met:  bake^vt  "’Vo'f 

tlie  bakerv  is  onlv'moclerate  .“'l  m’  metering  accuracy  in 

metering  is  unnecessary  “ntrol 

eontinnonsly  unde*!-  Idhlble^ondiS”  lT“  ""7' 

prevail,  and  if  pulsating  flow  is  r  i  •  ^  sanitary  conditions  do  not 

. . .  “ 
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system  to  meter  water  to  a  higli  liold-up  mixer,  for  instance,  could  use 
a  pump  of  this  type  to  advantage. 

If  the  equipment  must  be  completely  and  (juickly  dismantled  for  clean¬ 
ing,  the  metering  device  is  frequently  a  gear-type  single  or  douhle-lohe 
pump.  This  type  of  pump  inevitably  has  high  slip  and  cannot  be  used  to 
meter  low  viscosity  liquids  accurately.  Water  with  a  viscosity  of  one 
centipoise,  for  instance,  could  not  be  metered  accurately  with  such  a 
pump,  as  any  variation  in  discharge  pressure  would  cause  a  variation  in 
amount  of  slip  or  bypass  in  the  pump,  and  an  inversely  proportionate 
change  in  discharge  rate. 

It  should  be  pointed  out  that  the  gear-type  sanitary  pumps  were  not 
originally  designed  for  metering,  but  many  attempts  have  been  made 
to  meter  with  them.  High  viscosity,  flowable  liquids  such  as  cake  batter 
can  be  metered  with  these  pumps,  with  accuracy  acceptable  in  the  bakery, 
provided  the  discharge  pressure  is  not  \'aried  more  than  ±10  per  cent 
and  provided  the  pump  inlet  is  not  starved  A  Waukesha  pump  of  the 
type  shown  in  Fig.  59  makes  a  quite  adequate  meter  to  feed  unaeiated 
angel  food  cake  premix  into  a  mixer  operating  at  80  to  90  p.s.i.g.,  if  the 
feed  to  the  pump  is  open  and  unobstructed. 


In  some  continuous  bakery  mixing  operations  two  gear  pumps  are  in¬ 
stalled  in  tandem  to  meter  liquid  and  air  to  a  mixer  for  producing  a  foamed 
product  such  as  marshmallow  topping.  The  downstream  pump  runs  faster 
than  the  upstream  pump,  drawing  in  a  roughly  metered  quantity  of  air 

through  an  open  intermediate  valve. 

One  problem  in  metering  viscous  premixes  with  pumps  is  pump  starv¬ 
ing  due  to  a  restricted  feed  line.  If  the  premix  contains  dispersed  air, 
and  if  reduced  pressure  at  the  pump  intake  causes  a  bubble  to  fonn,  the 
pump  will  bind  completely.  A  good  solution  is  pressure  feed,  either  by 
gravity  with  oversize  lines,  or  with  a  booster  feed  screw,  as  m  the  new 
continuous  bread-making  systems. 

Some  cake  Inikers  have  applied  the  pressme-ted  metering  pump  prn  • 
ciple  in  an  interesting,  if  cnmhersome,  way.  -4  submersible  compressed- 
air  operated  reciprocating  pump  is  lowered  into  the  prem.x  bowl  and 
connected  bv  large  inside  diameter  rubber  hose,  to  teed  the  metering 
pump.  This  shortens  the  “suction  line”  to  zero  and  puts  the  ^  J 

em  under  positive  pressure.  In  this  ssstem  it  is  important  not  o  om 
the  positive  displacement,  constant-speed  metering  pump  as  the  delne 
rate  oTL  air-operated  booster  pump  is  greatly  allected  by  the  viscos.ti 
(  ind  hence  temperature )  of  the  feed  batter. 

Variable  area  mefers.-Variable  area  meters  f^ollowing 

etc  )  are  used  to  meter  bakery  Hiiids  coiitmuoiisly,  particulaily  fol  g 
f  reis::.Lwy  constant-rate  pump.  The  variable  area  meter  consists  of  a 
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vertical,  tapered  tube,  smaller  at  the  bottom  than  at  the  top,  containing  a 
solid  “bob”  or  float.  Liquid  is  pumped  up  through  the  meter,  lifting  the 
bob.  As  the  bob  lifts,  the  annular  flow  area  around  it  increases.  For 
steady  flow  rate  the  bob  will  stay  in  an  equilibrium  position  at  some  point 
in  the  tube.  The  height  of  the  bob  in  the  tube  indicates  the  flow  rate. 


Courtesy  of  Fischer  and  Porter  Co. 

I’lc.  60.  Automatic  Recohpinc  Flowkator  for  Metering 

Liquids  Continuously 


of  the  metal  bob.  With  suitable  inst  the  height 

to  operate  a  throttling  valve  in  the  oan  be  used 

t.ans..-ssio„  on  the  feed  pn^p,  to  give  a::;o„:::ie  few  cilrtt^r^' 
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Variable  area  meters  perform  well  on  all  thin  non-viscons  liquids,  and 
all  gases,  such  as  the  air  stream  for  a  cake  batter  mixer.  But  they  cannot 
be  used  to  meter  viscous,  stringy,  or  tacky  liquids.  They  meter  water, 
milk,  and  light  oil  well,  but  cannot  meter  batter  or  dough  accurately. 

Miscellaneous  Types  of  Fluid  Meters.— Other  common  fluid  flow-meas¬ 
uring  devices  such  as  orifices,  Venturi  meters,  and  Pitot  tubes,  have 
found  no  acceptance  in  measuring  bakeiy  process  streams,  perhaps  be¬ 
cause  pressure-sensing  leads  are  too  easily  plugged  or  contaminated. 

A  final  word  may  be  warranted  about  metering  plastic  shortening,  which 
in  a  sense  is  neither  fluid  nor  solid.  As  already  pointed  out,  liquid  short¬ 
ening  can  be  used  for  bread  dough,  and  metering  is  no  problem.  How¬ 
ever,  high  quality  cakes  require  aerated,  plasticized  shortening,  and  this 
is  difficult  to  pump  and  meter.  If  it  is  really  important  to  meter  this  type 
of  shortening  continuously,  it  can  best  be  done,  at  relatively  high  first 
cost,  with  a  Votator  heat  exchanger.  The  shortening  is  metered  in  a 
molten,  liquid  state,  with  a  suitable  pump,  into  a  Votator  scraped-surface 
heat  exchanger,  with  the  correct  rate  of  air.  The  Votator  system  aerates 
and  chills  and  crystallizes  the  shortening,  and  delivers  it  through  a  dis¬ 
charge  pipe,  to  the  desired  point.  As  long  as  the  shortening  is  kept  moving 
in  the  plastic  state,  it  is  flowable. 


PREMIXING  AND  BLENDING 

A  bakery  ^premix”  is  a  combination  of  ingredients  that  must  undeigo 
additional  mixing  before  processing  is  complete.  Usually  the  bakeiy 
premix  contains  only  a  part  of  the  total  ingredients  for  a  product,  but  it 
may  contain  all,  or  all  but  the  gaseous  ingredient,  air.  “To  premix,  for 
the  purpose  of  this  discussion,  is  to  form  the  premix. 

In  the  bakery  processes  there  are  some  situations  in  which  a  preniix 
of  part  or  all  of  the  ingredients  is  desirable,  and  other  situations  in  which 
a  premix  is  indispensable.  Premixing  is  used  to  accomplish  several  dit- 
ferent  objectives.  Some  of  these  will  be  reviewed  generally  m  the 
following  discussion. 


Advantages  of  Premixing  in  Batch  Operations 

Premixiiig  for  Uniform  Distribution  of  Micro-ingredients.yVhen  a 
very  small  quantity  of  one  ingredient  is  to  be  mixed  thorong  i  y  m  o  < 
large  viscous  mass  of  other  materials  (such  as  bread  ‘ 

vantageoiis  to  ilistribnte  the  small  ingredient  thronghont  the 
as  weU  as  possible,  at  low  expenditure  of  energy,  prior  to  attempting  t 
finid  mi;^;;rroperation.  Tliis  saves  time  and  energy  If  the  .-nor  mgr^ 
ent  is  charged  only  at  one  point  m  the  mass  it  will  leqmre  a  oi  g 
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for  complete  distribution,  since  there  must  be  so  much  interchange  of 
material  within  the  mass  to  effect  distribution. 

In  bread  dough  mixing  it  is  common  to  premix  the  minor  ingredients 
with  one  of  the  major  ingredients,  partly  to  assure  uniform  distribution  of 
all  ingredients  in  the  available  mixing  time.  It  is  inferred  here  that  the 
final  mix  is  “difficult”  and  the  premix  is  “easy.” 

If  for  instance  it  were  necessary  to  make  a  large  uniform  mix  in  mini¬ 
mum  time  of  lOO  parts  of  flour,  60  of  water,  and  one  of  sugar,  a  heavy, 
powerful  mixer  would  be  required.  If  all  three  ingredients  are  charged 
at  once,  and  the  sugar  is  concentrated  at  one  point  initially,  it  will  take 
longer  to  be  distributed  than  if  it  is  pre-dissolved  in  the  water— a  relatively 
easy,  inexpensive  operation. 


Obviously,  if  it  were  necessary  to  make  a  mixture  of  100  parts  of  al¬ 
cohol,  60  parts  of  water,  and  one  of  sugar,  there  would  be  no  point  in 
premixing,  since  the  final  mix  is  easily  made  in  one  step. 

Reducing  Multiple  Scaling  Operations.— When  an  ingredient  batch  con¬ 
tains  several  materials  present  in  small  quantities,  and  several  consecutive 
batching  operations  are  scheduled,  it  may  be  advantageous  to  premix  one 
large  batch  of  the  minor  ingredients  in  the  correct  ratios,  and  use  a  cal¬ 
culated  quantity  of  this  premix  in  each  final  batch.  This  saves  a  large 
number  of  weighing  operations  and  reduces  the  frequency  of  errors  in 
ingredient  scaling.  To  be  advantageous,  the  premix  must  be  easy  to  form 
store,  convey,  and  meter.  A  pumpable,  aqueous  premix  containing  dis¬ 
solved  01  dispersed  minor  ingredients  is  an  example 

Premixing  for  Mechanical  Efficiency.-When  one  or  more  ingredients 
requiie  high  shear  action  to  disperse  them,  and  the  final  mix  is  of  low 
cosity,  completion  of  the  mixing  operation  is  difficult  when  all  ingredi 

dispersed  in  the  viscous  premix.  ® 

Premixing  for  Convenience  in  Shipment  and  Ultimate  Use  _Fn 

OUS  industrial,  military,  and  domestic  end  uses  prepared  hil- 

are  made  up  in  large  batches  to  bakery  mixes 

For  most  bakery  products  it  is  not*  on  n* 

it  would  be  un'stable,  difficult  to  handle  her  • aiix,  since 
dons)  and  would  require  shinni^^cr^T  ^  special  storage  concli- 

the  point  of  use.  '  ‘  ‘  -  "^tially  available  at 


to  be  described^latlr.  l’'''tpored  by  methods  and  equipment 
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Advantages  of  Preinixing  in  Continuous  Operations 

Preinixing  for  Economies  in  Eijuipinent.— It  is  possible  to  feed  a  con-  I 
tinuous  mixer  by  metering  each  individual  ingredient  stream  separately,  ,j 
through  its  own  gravimetric  feeder.  Relatively  accurate  metering  is  J 
necessary  since  the  continuous  mixer  must  always  contain  the  correct  ‘J 
proportion  of  ingredients,  within  tolerable  limits.  This  practice  usually  ■ 
requires  more  equipment  and  is  more  expensive  than  an  alternate  pre-  ■ 
batching  procedure. 


Fig.  61.  Ribbon  Blender  for  Dry  Ingredients 


An  economy  results  if  several  ingredients  can  be  combined  m  a  pre¬ 
mixed  batch  i,ito  one  feed  stream  that  is  easily  metered.  For  m.sta.i^c 
all  of  the  solid  water-dispersihle  ingredients  in  a  bread  dough  , 

be  dispersed  in  the  water  fraction  and  metered  through  a  pump  o,  Flos  ■ 
I’uor.  to  avoid  providing  a  separate  gravimetric  feeder  tor  each  mgred.o,  , 
Premixing  to  Put  Materials  in  a  Handleable  Form.-It  is  impractical 

. . . * 

feed  to  an  open,  atmospheric  premixer,  and  combine  he 

rumpable^shirry,  that  can  be  easily  introduced  “>  ‘  /X. 

tinuous  mixer.  An  open,  screw  premixei-teedei  can  be  used, 
mix  is  Howable  enough,  a  twin-cone  blender  is  effective. 
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'I 

1 

f  Premixing  Procedures 

I  Premixes  of  Solids.— Premixing  of  Hour,  sugar,  milk  powder,  dried  eggs, 
}  cliemieal  gassing  agents,  etc.,  is  necessary  in  the  processing  of  prepared 
bakery  mixes.  If  no  shortening  is  to  be  added,  satisfactory  blending  is 
!  easily  accomplished  in  blenders  of  the  tumbling  barrel  type.  Standard 
j|  equipment  in  the  industry,  however,  is  the  “ribbon  blender,”  as  shown  in 
‘  Figs.  61  and  62.  This  batch  mixer  has  a  long,  horizontal  trough-shaped 
|.  bowl  with  a  horizontal  agitator  shaft  passing  through  axially.  Helical 
;  steel  ribbon  agitator  elements  are  fixed  to  the  shaft  by  radial  supports, 

’  and  as  the  shaft  rotates,  these  agitators  lift  and  displace  the  mix  axially 
and  radially.  The  discharge  port  is  at  the  bottom  center  of  the  bowl. 


Fig.  62.  Blender  for  Dry  Ingredients 


One  advantage  of  the  ribbon  blender  k-  iBof  u  •  -i  i  i 
.'ariety  of  sizes;  from  a  one  cubic  foot  friction  uTr 

*shed  in  conventional  horizontal  double  irrm  mireiriTfibton  hImX:; 
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or  in  vertical  planetary  type  mixers.  Ribbon  blenders  are  standard  and  I 
represent  the  highest  ratio  of  capacity  to  capital  investment. 

To  make  np  a  premix  containing  dry  ingredients  and  shortening,  the  ; 
dry  ingredients  are  first  charged  to  the  mixer  and  blended  briefly.  Then  i 
oil  or  liquid  shortening  is  pumped  to  a  manifold  feeding  a  row  of  atom-  ■ 
izing  spray  heads  mounted  above  the  mixer  so  that  the  spray  impinges  on  i 
the  dry  solids  as  they  are  turned  over  by  the  agitator.  The  mixing  action  i 
continuously  exposes  a  fresh  surface  to  the  shortening  spray,  and  the  dry  ' 
particles  are  coated  with  oil  or  crystallized  shortening. 


Fig.  6.3.  Horizon ial  Dough  Mixer  Showing  Trough  Hoist,  Chute 
Flour  Weigher,  and  Ingredient  Hopper 

On  tile  extreme  rij^dit  is  a  Readco  Ingrediator. 


With  some  cake  mixes  plastic  shortening  must  be  used.  It  is  pumj^^e 
through  a  tee-manifold  and  extruded  in  spaghetti-like  strings  ^ 

mix.  The  agitating  action  breaks  up  the  sliortening  into  discrete  pa. tides,. 

and  disperses  it  finely  into  the  mix.  ,.;lxLnn  blender 

In  a  typical  installation,  a  .3(l()()-lb.  batch  is  prepared  ...  a 
of  at  least  75  cubic  foot  capacity.  .  The  mixing  cycle  extend  app. ox 
matelv  seven  minutes  past  the  time  that  the  last  shortening  is  ■ 

Premixes  of  Fluids  and  S«lids.-ln  the  conventional  batdi  m.xmg  ^ 

ess  for  bread  dough,  small  ingredients  are  ^  (M, 

the  water,  in  emulsifying  equipment  of  the  type  shown  ...  Fig.  6.3. 
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figure  is  shown  a  Readco  Ingrecliator,  which  consists  of  a  small  vertical 
stainless-steel  tank  with  a  direct-driven  high  speed  agitator.  When  the 


3  LcixlllCroa“o  LCCl  tclllK  WlLll  cl  Liil  1 V  Cll  cl^llclLUl.  VVlldl  LIlC/ 

(ank  is  charged  with  water,  the  agitator  creates  a  vortex  that  draws  in  the 
dr\’  powdered  materials,  wets  and  dissolves  or  disperses  them.  Emulsi¬ 
fication  of  the  small  ingredients  in  the  water  fraction  assists  in  distributing 
them  evenly  in  the  sponge  or  dough  mass. 

The  shortening  may  be  incorporated  in  a  liquid  phase  pre-blend  if  the 
mixture  is  subjected  to  an  adequately  intense  emulsifying  action.  Ander¬ 
son  and  Mullen  (1951)  have  reported  work  in  which  such  premixes  were 
made  up  in  15()0-gallon  stainless-steel  tanks  and  apportioned  to  a  large 
number  of  white  dough  mix  batches.  Use  of  this  large  batch  eliminated 
many  repetitive  weighings  of  small  ingredients.  A  Manton-Gallin  homog- 
enizer  reduced  the  undispersed  particle  size  in  the  premix  enough  to  make 
the  emulsion  sufficiently  stable  so  that  it  could  be  held  throughout  an 

operating  day,  to  supply  the  small  ingredients  for  the  entire  production 
of  white  doughs. 

This  method  appears  to  have  considerable  merit  and  though  used 
commercially  in  one  installation  with  notable  success,  has  not  come  into 
general  use.  yns  may  be  due  to  the  increased  use  of  automatic  remote- 
controlled  scaling  systems  in  new  bakery  plant  installations.  It  is  not  to 
e  confused  with  the  "liquid  ferment”  process,  in  which  a  large  batch  of 

refrigerated,  prefennented  “brew”  is  metered  to  conventional  batch 
mixers  to  make  straight  doughs. 

It  may  safely  be  said  that  premi.sing  is  of  definite  benefit  to  the  eonven- 

wna  batch  dough  mi.ving  process,  but  it  is  not  essential  to  the  process 

3n  the  other  hand,  premixing  is  indispensable  to  the  continuous  bread 
naking  process  as  presently  concerned.  ^ 

It  would  be  impractical  to  introduce  the  flour  into  the  pressurised  de 
eloper  head  without  first  mixing  it  with  some  of  the  He  -If  ^  ^ 
orm  a  pumpable  slurry.  The  slurrv  is  nut  in  n  r-  fennent  to 

eeder,  and  force-fed  to  the  nLVr  ,  T  screw  mixer- 

In  the  batch  cak.  m^l  "s  I"™!’' 

»as  been  practiced  for  vears  thoncr]  i  ^  cakes,  premixing 

tage  mixing,  and  wnl  of  af 

hapter.  on  mixing  in  this 


Premixing  is  essential  to  the  continimnc  i- 
•e  done  in  one  or  two  stages  denendi  t  ^  Process,  and  may 

type  of  cake  being  mWed  fhe  1  f T’  P™--s,  and 

ontinuous  feed  to  the  final  mixer  amtT'  Ir 
ach  ingredient  except  air.  The  air  also  on  ^ Proper  proportion  of 
f  sufficiently  high  viscosity,  but  it  would  be  cVffi^  “J^^^^'Porated  in  a  premix 
■avity  and  hence  the  metering  rate  of  the  prlt 
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It  is  not  necessary  that  the  cake  batter  premix  lie  completely  homoge¬ 
neous  as  it  is  fed  to  the  final  mixer.  It  may  in  fact,  contain  shortening;] 
lumps  one-half  inch  in  diameter  and  that  in  itself  would  not  affect  the*^ 
character  of  the  final  cake  product.  If  the  continuous  mixer  provides  suffi-.^ 
ciently  high  hydraulic  shear,  the  lumps  will  be  completely  dispersed,  andl; 
it  is  only  necessary  that  the  feed  from  the  premixer  be  unifonn  in  the' 
overall  composition  of  samples  approximately  the  size  of  the  hold-up  inij 
the  final  mixing  head. 


mrtesrj  of  American  Machine  and  Foundnj  Co.  and  American  Stores,  Ine. 

64.  PuEMixiNG  Section  oe  a  Continuous  Cake  System 


In  most  continun.is  cake  inixin,;  systems  the  premixer  is  '’““j'j 

tvpe  planetary  vertical  mixer.  A  5()()-lb.  premix  can  '>«  f"™ ^  „ 

'  ^  1  •  foe  If  is  then  numoed  to  a  holding  tank  hetoie  ncm? 

meSed  tro^S^th'  final  system.  ‘This  seems  like  a  rcdnndant  systei. 

since  the  premix  can  he  made  in  much  less  expensM- 

fine  homogenizing  effect  of  the  planetary 

this  type  of  batch  mixer  is  standaid  and  most  cak  .  1 

more  units  in  operation  before  graduating  to 

In  the  absence  of  the  vertical  mixer,  a  less  c  c 

agitated  kettle  may  be  used  for  any  cake  premix.  Or.  fo. 
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aerated  cakes  such  as  sponge  cake  and  angel  food  cake,  all  that  is  required 
is  a  propeller  agitated  tank  of  suitable  size  and  shape. 

For  heavy,  shortening  t\'pe  cakes,  a  two-stage  premix  works  well,  as 
shown  in  Fig.  64.  Provided  easily  einnlsifiable  shortening  is  used,  all 
ingredients  except  flour  and  air  can  be  batch  premixed  in  a  vertical  tank 
with  high  speed  propeller  agitation.  This  liquid  premix  is  then  metered 
with  a  Waukesha  pump  to  a  Disc  Blender,  along  with  a  stream  of  flour 
from  a  gravimetric  feeder.  The  Disc  Blender  is  a  low  hold-up,  highly 
efficient  premixer  containing  a  twin-cone  agitator  that  maintains  an  open 
vortex  and  incorporates  dry  ingredients  much  more  effectively  than  does 
a  propeller  type  agitator.  The  premix  is  pumped  out  of  the  bottom  of  the 
Disc  Blender  bowl,  into  the  final  mixer. 


MIXERS  AND  MIXING  PROCEDURES  FOR  DOUGHS  AND  BATTERS 


Most  of  the  operations  in  the  bakery  are  specific  to  the  manufacture  of 
baked  products.  Mi.xing  is  an  exception,  and  is  the  only  bakery  operation 
classifiable  as  a  chemical  engineering  unit  operation.  As  such  it  has  been 
thoroughly  studied  in  its  simpler  applications  by  many  investigators  A 
fairly  consistent  body  of  data  has  been  accumulated,  relating  power  input 

IrrelltSs""* 

Conversely  there  is  little  to  go  on  in  the  design  and  development  of  new 
mi.xeis  for  highly  viscous,  psendoplastic  materials,  except  intelligent  trial 
and  error  in  an  experimental  course  steered  by  practical  expedefce 
The  main  reason  for  this  is  that  th<o  rr  4.-  ^ 

materials  are  complicated  ^r  tV  ce  " 

?iven  mixture  of  doS  or  ha  te^  hr’o  "tf  ™  “ 

.ftecting  power  inpiit.'viscosiiy  and  ^"xi-iV'::,:^; 

>e,ulcnt.  The  apparent  viscosity  decreases  with  ii  c^^ 
mrthennore,  it  is  almost  impossible  to  define  the  redi  f 
■ally  for  purposes  of  equipment  design  since  the  ‘“.^“”'*'”1’  mathemati- 
feveral  different  formulas  of  dough  "anc  each  P'-^ess 

ionship  between  viscosity  and  l^xin^ve  o  i  v  T::7h:  “ 

Perry  (19.50)  gives  a  good  discusshin  of  Power  input. 

ncliKling  clear  ilefinitions  of  the  various  tvi  e"  "f 

ilastic,  pseudoplastic,  thixotropic  dilatant '  anV'l  mixed:  ideal. 

Roughs  and  batters  are  princiia:  v  i  "e  ‘  T 
;ives  this  good  ilefinitioii  of  the  object  of  miMiig-^'h  ^'I’f 
aore  materials  existing  either  senaratelv  e  ■  ‘wo  or 

ion  are,  by  mixing,  to  be  put  into  .such  a  co"  rl'  "li-'^d  condi- 

ny  one  material  lies  as  nearly  adjacent  as  nossVl'"!'  ^  particle  of 

he  other  materials.”  '  ‘ '  PoU'^i'i'e  to  a  particle  of  each  of 
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Fig.  65.  Small  Horizontal  Dough  Mixer  with  hLOUR 
Conveying  and  Hatching  System 


In  bread  dough  mixing  there  is  another  oirjective  that  may  he  qui  ej 
apart  from  tliis.  Apparently  it  is  necessary  to  knead  tlie  dongli  to  deve  op  i 
gluten  into  elongated  fibers,  so  it  can  form  a  structure  capable  of  retainm,, 

dispersed  gas  to  give  a  light  loaf  of  bread. 

It  is  safe  to  say  that  the  theoretical  aspects  of  the  nmt  <>P«at.o.  o 
mixing  have  been  of  little  help  to  equipment  developers  e.xcept  possihl). 
in  scale-up  of  eiinipment  to  larger  models  of  the  same  design. 

Dough  was  being  mixed  long  before  Reynolds  defined  his  clmiensioide  ; 
number,  so  essenttd  to  all  current  studies  of  Hnid  How,  and  equipmeu. 
designers  have  evolved  an  impressive  family  of  siiccessfii  _  ^ 

macliines  for  tlie  most  p  irt  without  knowledge  of  Ucynolds  con  n  ^ 

Still  it  is  to  be  hoped  that  the  basic  theoretical  concepts  can  he  ai  l 
to  the  known  art  to  develop  empirical  relationships  helpful  in  deve  opmei 


I 


WEIGHING  AND  MIXING  PROCEDURES 


359 


'  of  yet  more  efficient  machines  to  mix  obstinate  materials  such  as  dough, 
and  that  the  trial-and-error  approach  will  be  replaced  by  the  scientific 
approach,  as  it  has  in  so  many  other  technologies. 

Mixers  for  Doughs — Batch 

Of  the  11,()()(),{)()0,()()()  lbs.  of  commercial  bread  dough  mixed  in  the 
United  States  each  year,  all  but  a  very  small  fraction  is  mixed  in  horizontal 
dough  mixers  of  the  type  shown  in  Figs.  63,  65,  66  and  67. 

There  are  many  hundreds  of  these  mixers  in  daily  operation— mixing  all 
types  of  yeast-raised  doughs— and  in  more  than  one  instance  units  have 
heen  in  almost  constant  use  for  30  years. 


■  Courtesy  of  Read  Standard  Div. 

I  Fig.  66.  Battery  of  Horizontal  Dough  Mixers 

‘  At  least  eight  American  mannfacturers  offer  mixers  of  this  type  to  the 
i'nclustry,  and  vvliether  they  are  r.sed  to  mix  sponges  doughs  st  ain^ 
-Cloughs  or  n.qr,id  ferment”  doughs,  the  mixer  construction  is  geneVfl  v 
Ae  same.  A  horizontal  mixing  bowl,  U-shaped  in  cross  section  isfnoun  ed 

e  i2'm  Xrb"  "  In  ^on  e  m  xer 

passes  through  the  howl  axiall  *"'^1  ■  ''/.‘"S'®  '“nzontal  agitator  shaft 

-cpiclers  on  the  agitator  shaft  Th  '  ■  mounted  on  two 

rmts,  one  or  mom  of  whid,  inav  he  free  f 

i' 
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A  wide  range  of  mixer  sizes  is  offered.  The  most  common  mixers  areH 
Nos.  8,  10,  13  and  16.  The  numbers  refer  to  the  approximate  maximum  r 
dough  batch  capacity  in  hundreds  of  pounds. 

Two-speed  motors  are  usually  provided  for  high  and  low  speed  opera- - 
tion.  Table  69  shows  relative  physical  characteristics  of  typical  horizontal! 
mixers.  The  No.  20  mixer  was  a  special  design  for  a  particular  highr 
capacity  installation. 


Courtesy  of  Baker  Perkins,  Inc. 

Fig.  67.  Largest  Size  of  Horizontal  Dough  Mixer 

liowls  and  l.owl  cover.s  have  been  fabricated  of  mild  steel  in  the  past 
the  use  of  stainless  clad  or  full  stainless  bowls  is  growing.  Bowls  , 
provided  with  jackets  for  circulation  of  coolant  fluid. 

Auxiliary  equipment  for  horizontal  dough  mi.xers  includes  floui  bat 
weigh  hoppers,  mounted  overhead  bud  discharging  through  a  ini.xei  cov  - 
;  nhig  i quid  ingredient  dispensing  systems  ( piped  through  the  c  v 
uough  elevators  and  chutes  for  charging  sponges  to  the  mixer,  ^ m  "L 
r2n  V  terns  for  bowl  jacket  coolant.  Available  instrumentation  m 
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eludes  automatic  mixing  time  controller,  constant  temperature  indication, 
and  recording-type  power  consumption  indicators. 

Quite  a  great  deal  of  engineering  effort  has  gone  into  the  design  of  this 
mixer,  and  much  of  it  has  been  directed  toward  improvement  of  sanitary 
features.  The  packing  gland  seals  between  bowl  and  agitator  shaft  have 
in  particular  received  significant  attention. 

Although  many  mechanical  improvements  have  been  made  in  the  hori¬ 
zontal  mixer  in  the  last  30  years,  the  mixing  techniques  are  old  and  well 
developed,  and  a  wealth  of  information  is  available  from  the  various 
manufacturers,  on  operation  and  maintenance. 


Table  69 


CHARACTERISTICS  OF  BATCH-TYPE  HORIZONTAL  DOUGH  MIXERS^ 


Mi.xer,  size  no. 

10 

13 

16 

202 

Maximum  capacity,  lbs. 

1000 

1300 

1600 

2000 

Minimum  capacity,  lbs. 

500 

650 

800 

.Agitator  horsepower 

15/30 

20/40 

25/50 

37.5/75 

Agitator  speed,  r.p.m. 

57/75 

35/70 

35/70 

35/70 

Compressor  horsepower 

15 

15 

20 

20 

.Actual  bowl  volume — cu.  ft. 

41 .2 

50.6 

61 .6 

79 

‘  Courtesy  of  Baker  Perkins  Inc. 
2  Special  oversize  mixer. 


The  action  of  the  agitator  bar  on  dough  ingredients  varies  through  the 
mixing  cycle.  The  first  2  or  .3  minutes-while  the  flour  is  being  wetted-is 
the  least  efficient  part  of  the  cycle  mechanically,  but  it  is  necessary  to  the 
process.  When  enough  of  the  flour  has  been  wet.  a  sticky  ball  of  dough  is 
formed  and  rotated  around  the  agitator  shaft  by  the  action  of  the  mixer 
arms.  This  ball  grows  as  it  “cleans  up”  the  ingredients  sticking  to  the 
nside  of  the  bowl,  until  the  agitator  “picks-up”  the  whole  mass  aiicl  rotates 

Ln  ^dtn'®  ’  «  fo  thsperse  and  moisten  dry- 

himps,  0  disperse  gas  bubbles,  and,  we  are  told,  to  “deyelop”  gluten 

his  action  is  more  efficient  mechanically  but  there  is  still  a  waste  ef 

M  ."it  ”  “ "  >  ™ 

.in.y  “  "“1  i 

•"<1  a  progressiyely  lower  power  inpm.  gl«teii 
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Horizontal  mixers  liandle  all  types  of  yeast-raised  doughs,  including 
bread,  roll,  and  sweet-goods  doughs. 

The  bread  produced  from  dough  mixed  ou  this  eipiipment  is  the  con¬ 
ventional  product  of  relatively  coarse,  heterogeneous  grain,  accepted  as 
“normal”  by  the  industry.  That  this  “normal”  grain  is  as  much  a  function 
of  the  mixing  action  as  of  any  other  process  variable  is  a  fact  that  was 
generally  overlooked  until  the  recent  activity  in  continuous  mixer  develop¬ 
ment. 

One  result  of  the  shearing  action  in  the  dough  during  mixing  is  the 
generation  of  heat.  Most  of  the  work  done  by  the  mixer  motor  shows  up 
quantitatively  in  the  dough  as  sensible  heat,  and  if  this  heat  is  not  removed  ; 
during  mixing,  the  dough  may  leave  the  mixer  at  a  temperature  above 
10()°F.  That  would  make  operation  of  the  conventional  dough  make-up  >3 
equipment  difficult.  The  dough  would  gas  at  a  higher  rate  than  usual, 
and  the  difference  in  performance  of  the  first  part  and  the  last  part  of  the 
batch  in  the  divider,  rounder  and  moulder  would  be  pronounced.  Hence 
it  is  necessary  to  use  chilled  ingredient  water  in  the  mixer,  and  to  cool  the* 
dough  as  much  as  possible  during  mixing. 

Auxiliary  equipment  is  available  for  these  tasks,  designed  specifically’- 
for  use  with  dough  mixers,  fngredient  water  chillers  using  vapor  com-n 
pression  refrigeration  equipment  are  provided  by  mixer  manufacturers.. j 
The  mixer  bowls  are  provided  with  jackets,  for  chilled  water  in  soine  i 
designs,  and  for  direct  expansion  of  refrigerator  coolant  in  others.  The^ 
direct  expansion  units  seem  more  popular,  and  are  available  in  sizes  up  toi] 


25  horsepower  for  the  largest  mixers. 

Mixing  of  pie  doughs  introduces  a  special  problem  in  that  a  very  low  i 

degree  of  overmixing  results  in  a  tough  pie  crust.  For  this  dough  a  special 
mixer,  the  Artofex,  has  been  designed  to  use  a  change  type  bowl  auto-n 
maticallv  rotated  in  the  mixer,  and  agitators  that  closely  duplicate  tie.^ 
action  of  human  hands.  The  object  of  mixing  this  pastry  dough  is  merely .1 
to  put  the  dough  together.  Kneading  and  rolling  to  develop  gluten  are:i 
carefully  avoided.  This  special  mixer  apparently  gives  the  desired  resu  ?l 

in  commercial  pie  dough  production.  1  aniicrlvl 

It  is  possible  and  practical  to  mix  small  batches  of  veast-raised  cW 
on  vertical,  planetary  action  mixers  of  the  type  shown  m  F.g.  68.  Thes  ^ 
maclhnes  are  clisenssed  in  more  detail  in  the  section  on  mixers  *<>> 

Some  retail  bakers  who  need  one  utility  mixer  tor  al 
goods,  pie  doughs,  and  even  bread  doughs  >'  ^ 

sale  bakers  mix  sweet  yeast-raised  doughs  m  batches  np  - 


largest  planetary  mixers.  n  i  « i  RnnW  ”  It 

The  agitator  used  on  yeast-raised  doughs  is  called  a  ‘>0' 
is  a  single  curved  arm  of  bronze,  aluminum,  or  stainless  steel.  T  p 
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Courtesy  of  Hobart  Manufacturing  Co. 


Fig.  68.  Large  Vertical  Planetary  Cake  Mixer 


of  tile  agitator  drive,  which  is  as  much  as  ten  horsepower  on  the  largest 

w  th  twr‘“‘'''  *»ffioient  to  drive  an  agitator 

Ithe  h  ir  T"  "]  "f  ‘■•“"---ion  used  in 

laUow  Mreer  Tr'*-'-  of  the  motor 

a  ow  spt^ed.  Tire  mixing  action  is  efficient,  however,  and  the  advantages 
lof  removal, le  bowls  are  worth  considering.  vantages 

Another  important  batch-type  bread  dough  mixer  the  “nivin..,-  ■■ 

;£M=S£r;“;7  tl:Er='“  ~ 

“arly  arch  type  large  planetary  cake  mixerr^''''  ''  reminiscent  of  the 
K.  stainless  steel  cylindrical  bowl  is  caster-mounted  and  is  moved  in 
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and  out  of  the  mixer,  and  through  the  fermentation  cycle.  It  holds  ai 
maximum  batch  of  600  lbs.  of  dough.  A  stationary  center-post  and  ai 
double  arm  planetary  agitator  extend  cantilever  from  the  two  speed,  50' 
horsepower  overhead,  planetary  drive  as  shown  in  Fig.  69.  The  entire? 
drive  with  its  agitator  is  hydraulically  raised  and  lowered  to  permit  bowl' 
replacement.  At  high  speed  the  agitator  rotates  at  140  r.p.m.  and  the? 
planetary  head  at  40  r.p.m.,  for  a  precession  ratio  of  3.67  (very  close  toi 
that  of  the  single-ratio  planetary  cake  mixers).  Low  speed  is  one-halfl 
speed.  Speed,  mixing  time  and  hydraulic  lift  equipment  are  controllecb 
from  a  central  panel. 


F iG.  69. 


Daymatk;  Bhead  Dough  Mixer 
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(on  a  white  dough— less  on  whole  wheat  and  rye).  After  this  remix,  the 
howl  stands  12  to  15  minutes,  is  discharged  to  the  divider  hopper,  and  is 
ready  for  a  new  charge  of  ingredients. 

Maximnm  production  rate  on  standard  equipment  of  this  type  is  approxi¬ 
mately  6()()()  lbs.  of  dough  per  hour. 

In  this  process  a  special  conveyor  carries  dough  from  the  divider  di¬ 
rectly  to  the  moulder,  and  the  conventional  rounder  and  overhead  proofer 
are  eliminated. 

There  are  a  number  of  important  differences  between  this  equipment 
and  the  conventional  horizontal  mixing  equipment.  Many  of  the  differ¬ 
ences  appear  as  advantages— a  few  as  disadvantages,  depending  partly  on 
the  particular  bakery  operation. 

Because  the  batch  is  smaller,  more  scaling  is  necessary  than  for  a  hrp,er 
straight  dough.  However,  all  the  ingredients  are  scaled  at  once,  and  in 
the  process  in  which  this  new  equipment  is  used,  there  is  actually  less 
scaling  than  in  the  conventional  sponge  and  dough  process  with  large 
horizontal  mixers. 


Because  the  dough  ingredients  remain  in  the  bowls  throughout  the 
process,  no  troughs  are  used. 

One  factor  that  at  first  thought  would  appear  to  be  a  disadvantage  is  the 
impracticality  of  applying  a  coolant  to  the  portable  bowl,  other  than  to 
use  chilled  ingredient  water.  However,  there  are  several  offsetting  factoi's. 
The  ratio  of  mixing  action  intensity  to  mixing  time  in  this  efficient  high 
speed  equipment  is  so  high  that  the  heat  of  mixing  cannot  be  removed 
through  the  available  bowl  area  in  the  available  time.  Hence  the  dough 
^  discharged  at  a  relatively  high  temperature  (92°F.  for  white  bread). 

IS  IS  not  the  disadvantage  that  it  would  be  in  a  1600-lb.  dough  Tvui 
cally  the  batch  goes  through  the  divider  in  6  instead  of  15  minutes,  and 

be  it  is  divided  before  it  can 

diX"  '  O'tlinary  scaling  errors  at  the 

Elimination  of  the  intermediate  proofer  cycle  of  12  to  15  minutes  results 

in  a  younger  dough  at  the  moulder.  The  hieher  doimh  ^  es  resu  ts 

in  a  m.,eh  lower  proofing  time,  since  so  .S  ofr  ®  temperature  results 

conventional  proofer  is  used  in  bringine  the  do  crl  ^ 

.1  •  ,  .  S  tnc  ciougn  up  in  tcmDcnifurp 

Ith  this  new  mixing  process,  dough  make-up  is  less  criticil  and  I  •  i 
;Iough  temperatures  can  be  tolerated.  *  ciitical  and  higher 

."Imong  other  advantages  renorted  bv  .  . 

asier  equipment  cleaning  and  faster  varie‘  v  ct  "f '  ^  ^  ’ 

ower  over-all  equipment  costs  for  mixer' and  makr^"^’ 

Ower  installation  costs-  (  .3)  lower  flon/  make-up  equipment,  and 

laving.  ’  '  ■■equirements;  and  ( 4 )  labor 
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600  LB.  BATCH  IN  DAYMATIC  MIXER 


Fig.  70.  Curves  Showing  Power  Consumption  of  Batch  Type  Bread  Mixers 


Tlie  curves  of  Fig.  70  show  relationships  between  the  power  consuinp- 1 
tion  of  the  Daymatic  Mixer  and  a  No.  16  horizontal  mixer.  For  am 
equivalent  production  rate,  the  Daymatic  does  less  work.  The  sharp  dipsr 
in  the  horizontal  mixer  curves  mark  points  where  salt  was  added  to 

mix. 


Continuous  Dough  Mixers 

Ueferences  to  continuous  bread  dough  mixers  m  the  United  State 
usuallv  refer  to  the  complete  ,si/.sfem.s  developed  by  two  or  moie  Uiii 
Smies  inamifacturers  widiin  the  last  Kl  to  1.5  years.  These  systems  im 
elude  eciuipment  for  scaling,  premixing,  lermentatioii.  . 

and  panning.  They  replace,  in  the  batch  system,  weighlioppeis,  ng 
ent  emulsifiers,  batch  mixers,  fermentation  troughs  and  rooms,  c  ivi 

rounders,  intermediate  prooFers  and  monk  er^ 

These  systems  are  more  fully  disemssed  in  Cliaptei  18.  This  1  ^ 

cnistn  deal  principally  with  the  part  of  the  system  including  tlu-! 
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1 

mixing  unit  components  themselves,  and  only  with  systems  currently  in 
;  use.  A  comprehensive  idea  of  the  historical  development  of  contimions 
I;  mixing  in  the  baking  industry  can  be  had  from  other  sources  including 
the  patent  literature. 

jl  The  essential  mixing  units  in  the  United  States  continuous  systems  are 
(1)  the  premixer,  or  incorporator,  and  (2)  the  final  mixer,  or  developer, 
as  shown  in  Fig.  71. 


^uuncsij  Of  American  Machine  and  Foundnj  Co 
Fig.  71.  Continuous  Bread  Mixing  System 


iionr.  These  ingredient  streams  -L  bl  1  shortening,  and  (3) 

jtl'i-oiigh  large  stainless  tnbing  to  the  inlet^'T  ‘''Schargea 

place, nent  gear  pnnrp.  Since  there  i^  o  P  •  “  ‘'■- 

fee!  pump  is  the  basic  rate-nreasnring  device  £0^(1 T''"!''’ 
system  ana  it  must  be  kept  Iryarostaiicallv  full  P'oelnction 

it  IS  not  practical  to  svnchromV#^  ni  r  7 
'■'If?  pump,  so  the  feed  streams  to  the  sc^  "'’f'  f'>'s  meter- 

. . 
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from  high  to  low  triggered  by  build-up  of  material  in  the  screw  feeder. 

The  metering  pump  forces  the  roughly  constituted  dough  to  the  final 
mixer,  or  developer,  through  stainless  tubing.  This  final  mixer  has  an 
internal  cavity,  oval-shaped  in  cross  section,  with  two  counter-rotating 
double-arc  paddle  arms  extending  axially  through  the  cavity.  The  dia¬ 
gram  of  Fig.  72  is  typical,  though  it  is  not  necessarily  faithful  to  either  of 
the  commercial  designs. 

The  dough  mass  enters  the  cavity  near  one  end  and  exits  near  the  other. 

swing  door  opens  in  the  front  of  this  mixing  head  for  access. 


Courtesy  of  P.  R.  Bunnelle  and  Food  Machinery  and  Chemical  Corp. 

Fig.  72.  Schematic  Diagram  of  Continuous  Dough 

Mixer  Head 


The  dough  exits  from  the  head  through  a  type  of  intermittently  oper¬ 
ated  extruder  slot  that  discharges  a  dough  piece  broadside  and  drops  i 
into  the  pan  below.  This  discharge  device  is  synchronized  with  the  pai 

feed  conveyor.  r  i  i  fLp, 

Since  tlie  developer  head  will  hold  only  a  few  gallons  of  dough  e. 

average  residence  time  in  the  head  is  less  than  one  nr, note.  T  j® 
action  for  this  short  period,  however,  is  extremely  intense  am  g 

emerges  in  a  homogeneous,  Howable  condition.  ,  .  m  Hme- 

The  development  of  these  continuous  systems  has  taken  a  o  t  • 
money,  and  Energy,  and  it  is  to  he  assumed  that  the  '-nefic.al  e^v 
were  predicted  with  sufficient  accuracy  to  supply  the  mcen  i  . 
interest  in  these  systems  is  running  very  high. 

One  important  reported  advantage  is  more  f 

pieces,  than  in  the  hatch  process.  This  is  "s  ^hro 

Llered  that  all  of  the  dough  is  precisely  the  .same  age  as  .  » 

the  extruder  cut-off  slot.  There  is  no  cyclic  change  fionr  old,  g.  y 
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to  new  dough,  as  in  a  divider  operating  on  a  succession  of  dough  batches. 

Another  reported  advantage  is  a  labor  saving  of  at  least  two  operators 
per  shift. 

The  advantage  which  seems  to  be  receiving  the  most  attention,  how¬ 
ever,  is  a  reported  improvement  in  bread  quality:  notably  more  uniform, 
finer  grain  and  texture,  and  a  whiter  appearing  crumb. 

These  efiFects,  like  superior  scaling  accuracy,  can  be  understood  on 
consideration  of  the  mixing  action  in  the  continuous  systems.  The  ex¬ 
tremely  intense,  efficient  action  produces  a  more  intimate,  uniform  mix 
of  all  ingredients  including  air  and  gas.  This  results  in  fine  grain.  Fine 
grain  means  more  and  smaller  gas  bubbles,  more  total  bubble  wall  area, 
hence  thinner  bubble  walls  and  more  tender  bread.  The  fine  grain  ac¬ 
counts  for  the  whiter  appearing  crumb.  Fine  grain  products  always  ap¬ 
pear  whiter  because  the  cells  on  the  cut  surface  are  relatively  small  and 
shallow,  and  show  less  shadow. 


Aside  from  efficient  mixing,  an  additional  cause  of  grain  uniformity  in 
continuously  mixed  bread  dough  is  that  the  continuous  mixer  operates  on 
only  one  physical  phase,  whereas  the  batch  mixer  operates  throughout 
the  mixing  cycle  on  two  phases:  the  plastic  dough  phase  and  the  gaseous 
phase  aboye.  The  continuous  mixer  operates  at  50  or  60  lbs.  pressure 
and  IS  hydrostatically  full-with  no  gas-filled  space.  Hence  all  gas  bub- 

10!?  ^  T™**  and  dispersing  action  in  the  mixing  cycle 

and  are  more  uniformly  dispersed  at  the  finish.  (In  fact,  much  more  of 

le  carbon  dioxide  is  in  solution  in  the  dough  water  at  60  p.s.i  than  in  the 
batch  process  at  atmospheric  pressure  ) 

r, “  r' 

It  has  been  shown  experimentally  that  a  small  b  uol^  • 

....  'rf;  •'* 

must  be  xvell  developed  uid  thi'’^'*'‘l  the  gluten 

. . .  ‘S4 
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111  the  Eurepean  market  there  is  reportedly  less  demand  for  light,  Huffy 
white  bread,  and  less  need  for  highly  refined  gluten  development  equip¬ 
ment.  Continuous  bread  dough  mixers  of  relatively  simple  design  have 
evolved  recently  in  Europe, 

The  Strahmann  continuous  mixer  (Strahmann  1959)  is  an  example. 
This  machine  incorporates  premixer  and  mixer-developer  in  one  unit. 
An  elongated  cylindrical  housing  contains  a  rotating  shaft  concentrically. 
The  shaft  has  a  plurality  of  screw-type  paddle-blade  units  spaced  axially 
along  it,  which  rotate  with  the  shaft  to  drive  dough  ingredients  fed  to  the 
inlet  port  at  one  end,  toward  the  discharge  at  the  other.  Near  the  dis¬ 
charge  end  of  the  mixer,  the  paddle  blades  are  separated  along  the  shaft 
by  perforated  baffle  plates,  mounted  concentric  with  the  shaft,  and  ro¬ 
tated  in  a  direction  counter  to  that  of  the  shaft. 

The  action  given  by  this  mixer  is  an  intense  shearing,  cutting,  mixing 


action. 

The  baffle  plates  may  be  provided  with  any  of  a  variety  of  shapes  of 
perforations  to  give  the  desired  effect.  The  Strahmann  mixer  has  not  yet 
gained  acceptance  in  the  United  States  bakeries  though  it  has  lepoitedly 

l:)een  used  for  some  years  in  Germany. 

Another  European  continuous  mixer,  the  Ivarsson  mixer,  uses  an  in- 
geneously  modified  horizontal  screw  agitator  to  mix,  knead  and  propel 
the  dough  through  the  cylindrical  casing.  After  discharge  from  the  mixei 
the  dough  is  reportedly  proofed  and  then  sent  through  conventional  dough 

make-up  equipment. 

In  a  recent  development  sponsored  by  the  U.  S.  Army  Quartermastei 
Corps,  a  small  continuous  mixer  has  been  developed  to  combine  chemi¬ 
cally  leavened  prepared  bread  mix  with  water  to  form  dough  at  the  rate  ‘ 
of  150  to  300  lbs.  per  hour.  This  mixer  is  for  field  use  and  is  necessari  y 
liRht,  compact  and  simple.  The  dry  mix  metering  feeder  is  volumetric., 
and  gives  sufficient  accuracy  to  keep  the  finished  dough  withm  accepta-. 
bilitv  limits.  The  premixer  is  a  screw,  which  force  feeds  a  W  aukesha  >1^ 
metering  pump.  The  pump  forces  the  roughly-mixed  dough  ) 

developer,  a  schematic  drawing  of  which  IS  shown  111  Fig. 

oper  hLd  operates  under  40  to  60  p.s.i.g.,  ami  dough  is  extruded  from  - 
discharge  end.  through  a  rubber  hose,  directly  into  the 
Because  there  is  no  conventional  dough 
process  variations  in  the  absorption  rate  are  not  as  critical  as  they 

dough  make-up  procedure. 
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Mixers  for  Batters 


Bateh  Type.— Mixers  discussed  up  to  this  point  were  for  mixing  of  yeast- 
raised  doiiglis  from  strong,  higli  gluten  Honrs.  The  mixing  of  cake  hatters 
requires  a  different  agitator  action. 

For  purposes  of  discussing  mixers,  at  least,  cake  batters  divide  roughly 
into  two  types:  (1)  “shortening”  type  cakes,  including  layer  cake,  pound 
cake.  Clip  cakes,  etc.,  and  (2)  sponge  type  cakes  including  conventional 
sponges,  chiffons,  and  angel  food  cakes. 

Generally  the  same  mixing  equipment  is  used  for  both  types,  but  the 
different  mixing  actions  needed  are  achieved  with  different  agitators  and 
different  agitator  speeds. 

The  vertical,  planetary,  change  bowl  type  mixer  shown  in  Fig.  68  is 
used  universally  for  the  batch  mixing  of  all  types  of  cake  batters.  This 
pneial  type  of  mixer  is  produced  by  four  or  more  United  States  manu¬ 
facturers,  and  it  may  be  obtained  in  bowl  sizes  of  20,  40,  80,  120,  140  160 

and  340  quarts.  In  wliolesale  bakeries  tlie  140  and  .340  q’uart’sizes  are 
most  often  used. 


The  agitator  or  1, eater  action  is  described  as  “planetarv”  because  the 
baate,  has  two  motions:  it  revolves  on  its  own  vertical  axis  at  a  relatively 
Igh  speed,  and  its  axis  is  rotated  around  the  inside  of  the  bowl  at  a  rela¬ 
tively  ower  speed  in  the  opposite  direction.  With  a  rubber-edged  beater 

cyciris'madr  as  the  planetary 

bowl  hoisting  and  dumping  equipment  is  available  for  the  larnest 

h- a.  ised  and 

from  iV  itm  t  variable 

as  fast  (4  to  1  pree'ession  ratio  ’Utl!rst2iard°" 

the  planetary  afS  I;'!  ite  ftm;::',"  o'  Tf, 

addition  of  dry  materials.  iTipeelv,  to  create  a  vortex  for 

Beaters  used  for  shorteninti  tvne  p  ^  -r-i 
shaped  to  fit  the  bowl  side  wall  ami  hea  '  ‘"'“-'Vng  or  four-wing, 

'Vithstand  high  startine  toroiie  tr  7  enough  in  construction  to 
alantinum  beiiter  hfs  steel  or  cast 

inside  of  the  bowl  wall.  ^  for  contacting  the 

bi  the  past  it  was  the  practice  to  miv  .  d  .  • 

more  stages,  beginning  by  slowlv  ere ,  batter  in  three 

. . . 
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cutting  in  the  water.  This  procedure  was  necessary  to  cfFeet  tlie  desired 
emulsion,  and  prevent  the  breaking  of  the  emulsion  as  tlie  water  was 
added.  However,  tlie  use  of  aerated,  plasticized  shortenings  containing 
natural  emulsifiers  has  changed  this  procedure  somewhat.  Except  in  the 
case  of  white  cakes  containing  no  egg  yolks,  the  whole  mix  can  be  put 
together  in  two  simple  stages.  The  first  stage,  containing  all  the  ingredi¬ 
ents  except  the  water,  or  two-thirds  of  the  water,  is  mixed  at  low  speed 
just  long  enough  to  achieve  a  consistency  that  will  not  splash  out  of  the 
bowl.  Then  the  speed  is  shifted  to  high  and  continued  until  all  lumps 
are  dispersed  and  a  smooth,  homogeneous  batter  is  attained.  The  water 
is  then  added  through  an  automatic  meter  and  mixing  is  resumed— first  at 
low  speed  to  prevent  splashing,  then  finishing  at  high  speed. 

The  large  34()-quart  mixer  will  mix  four  batches  of  cake  per  hour,  400 


to  500  lbs.  per  batch  depending  on  consistency. 

Most  commercial  cakes,  even  nominally  white  eakes,  contain  some 
whole  eggs  and  can  be  mixed  in  this  way.  However,  the  pure  white  cakes 
are  frequently  mixed  with  a  different  cycle  in  which  the  water  is  cut  in 

more  slowly. 

Whipped  tvpe  cakes  (sponge,  chiffon,  angel  food),  usually  contain  no 
plasticized  shortening,  although  they  may  contain  a  small  amount  of  oil. 

A  major  requirement  is  to  whip  a  large  amount  of  air  into  the  batter  to 

produce  a  foam  of  specific  gravity  down  to  0.30. 

The  beater  used  is  a  wire  whip  shaped  to  conform  to  the  inside  ot  t  le 
bowl.  Some  models  have  center  posts  and  others  do  not.  The  wires  are 
Vs  to  Vnt  inches  in  diameter  and  are  oriented  to  give  the  maximum 

In  the  large  wholesale  type  vertical  mixers,  very-  thin  batters,  such^  < 
angel  food  batter,  tend  to  swirl  badly  in  the  bowl  nnless  baffles  are  placrf  I 
in  the  bowl  to  resist  the  rotation  of  the  liquid.  Standard  tinned  baffl 
are  available  for  the  largest  mixers,  along  with  smaller  diameter  wne  w  iq 

for  use  with  the  baffles.  .  .i  .t  frx  i  r-uin  il 

The  large  dual-ratio  .4MF  34()-quart  mixer  operating  m  the  -  to  1  la  I 

does  not  still  the  liquid,  and  no  baffles  are  required.  This  mixer 

The  Hour  is  then  charged  as  quickly  a.s  possible  and  ol  W  i 
beater  speed  breaking  the  fi.am  as  little  as  tdi.ee  a:' 

Hour  would  inhibit  the  foaming  ac  ion.  .  „f  .qi  ingredients; 

satisfactory  angel  food  cake  ) 
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and  a  squirrel  cage  whip  for  foam  batters  has  been  all  but  completely 
replaced  by  the  efficient,  versatile  and  sanitary  vertical  planetary  mixers. 
Another  batch  mixer  that  has  gained  some  popularity  for  whipping  cake 
batters,  particularly  angel  food  batters,  is  the  Morton  Air  Pressure  Whisk. 
This  mixer  is  comprised  essentially  of  a  vertical  tank  with  pressure-tight 
lid,  and  three  rows  of  rod-shaped  beaters— two  driven  and  one  stationary. 
Mixing  action  is  intense:  the  drive  unit  for  a  200-quart  unit  is  a  10  horse¬ 
power  motor.  In  making  angel  food  cake,  flour  is  charged  to  the  mixer 
at  the  proper  time  from  an  auxiliary  tank.  Operating  pressure  is  5  to  22 
p.s.i.g.  A  batch  of  angel  food  cake  can  reportedly  be  mixed  in  two  and 
one-half  minutes,  and  a  batch  of  pound  cake  in  one  and  one-half  minutes. 
Superior  aeration  and  better  uniformity  is  reported.  The  batter  is  deliv- 
eied  to  the  depositors  by  plastic  hose  under  mild  air  pressure. 

Continuous  Mixers  for  Batters.— Semi-continuous  mixing  of  cake  batters 
was  introduced  in  the  U.  S.  in  the  mid  1940’s.  One  of  the  first  commercial 
continuous  cake  mixing  systems  was  designed  around  a  Votator  scraped- 
surface  principle.  Another  early  system  used  a  modified  Oakes  marsh¬ 
mallow  mixer.  In  both  systems  the  mixer  operated  continuously,  but  was 
ted  trom  a  premix  prepared  batchwise  in  standard  batch  cake  mixing 
equipment.  Later,  approximately  1950,  a  truly  continuous  cake  mixing 
ifiant  was  designed  and  installed  using  the  AMF  Oakes  mixer  at  the 
American  Stores  new  Philadelphia  bakery. 

Currently  ( I960 )  there  are  at  least  four  continuous  cake  mixers  being 
offered  commercially.  They  differ  somewhat  in  design.  ^ 

In  the  Votator  scraped-surface  principle,  the  mixer  consists  of  one  or 

The  Oakes  Mixer  (see  Fip"  74^  Itic  i 

head,  consisting  of  front  ancfhick  shtn  ^  exterior-mounted 

side.  Teetl,  on  eitherf  .ee  of  X  r™'  i- 

Premix  batter  is  pumped  in  at  the  Create; 

Diameter  of  tl,e  rotor  in  tile  ir  je  ,  '"'’®^®  ®"itx. 

h-finitely  variable  over  a  wid!  rare“"r'/\-“''''“-  is 

machine  is  as  high  as  400(1  lbs.  per  hour  '■“'®  f’®  large 

T  he  A,\1F  mixer  is  similar  in  external  an,v. , 

. . 
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Courtesy  of  E.  T.  Oakes  Cory. 


Fig.  73.  Small  Continuous  Cake  Mixer  with  Batter-  and 
Air-Metering  Equipment 


the  stator  splits  radially.  The  rotor  has  several  rows  o  ‘^eth  on 
periphery,  which  mesh  with  rows  of  teeth  on  the  msK  e 
Hotor  speed  is  infinitely  variable  between  limits,  I 

typical  motor  size  for  large  nnits  is  10  5  horsepower,  h.gh  and  lo«  spe« 

""tiSc  mixers  are  normally  eqnipped  with  hatter  .netering  pnmp,  air 

meter,  and  speed  controls.  ripcitm  is^ 

The  intense  liqnitl  shear  provided  in  m  xmg  heat  s  <  f  tl  s  J. 

sttlfident  to  emnlsify  air  and  shortening  .n  t  ,e 

tional  batch  nrixers  reqnire  that  some  of  the  vate.  -  w.thhclt 

shortening  is  being  creametl  with  dry  ingredients 

However,  the  principal  advantage  ies  m  premix- 

the  highly  aerated  batters,  ange  oot  ’  “^’."''^T^^Honr'  Air  or  inert  gas  h 
containing  all  of  the  ingredients-mclndmg  Hotn,  An 
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metered  at  a  calculated  rate,  into  the  mixing  head,  along  with  a  propor¬ 
tionate  rate  of  premix.  If  it  is  desired  to  produce  a  foamed  batter  with  a 
final  specific  gravity  of  0.25,  the  proportion  would  be  approximately  three 
standard  volumes  of  air  to  one  of  batter. 

However,  on  angel  food  batter,  the  mixing  head  operates  at  up  to  90 
p.s.i.g.,  so  that  the  air  in  the  head,  under  compression,  occupies  a  volume 
only  one-sixth  that  at  atmospheric  pressure.  As  far  as  the  mixing  head  is 
concerned  then,  the  desired  mixture  is  1  part  premix  to  \/2  part  air,  and 
this  mixture  is  easily  made,  even  with  the  Hour  present. 

The  dense  foam  so  formed  is  delivered  to  the  cake  depositor  through 
plastic  or  rubber  tubing,  of  the  correct  length  to  reduce  the  pressure  at  the 
depositor  to  atmospheric.  As  the  pressure  is  slowly  reduced,  the  air 
bubbles  m  the  foam  grow  in  volume  and  the  bubble  walls  get  thinner. 
The  end  result  is  a  very  tender  cake  of  unusually  large  volume.  If  a 

throttling  valve  is  used  to  relieve  pressure  in  the  mixing  head,  the  foam 
Will  be  broken. 


Sometimes  an  adjustable  sanitary  stainless  steel  device-designed  to 

foam-is  used  to  reduce  the  pressure 

Pff  7’  advantages  of  compactness  and  adjustability  for 

clineient  rates  and  batters.  ^ 

The  continuous  cake  mixers  can  be  incorporated  into  completely  con 
tinuous  systems  m  cases  where  production  schedides  warrant  (i.e.  L  the 
plant  operating  on  a  schedule  of  long,  unbroken  runs  on  a  few  cake 

matic  and  requires  onlv  one  ^^P^^ation  is  auto- 

of  batter.  '  "P  P’  lbs.  per  hour 


In  general,  cake  batter  is  much  easier  tn  lion  n  i 

pomps  and  pipe  lines  than  is  bread  doueh  Tl  T 
tinuous  mixing,  automatic  handling  and  deplrsitine  l  Tf 

tite  economics  of  cake  i^duS is  !  1°,;'? 

development  funds  on  the  mixing  end  of  the  nh,  additional 

\  I  Poll  nil!  VO  fl il-  -  p/miMs  not  warranted. 
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equipment,  is  expensive.  15ut  its  productivity  is  high  enough  that  tlie 
write-off  costs  are  almost  negligible  in  cents  per  pound  of  bread. 

Innovations  in  mixing  equipment  design  have  come  frequently  enough 
in  recent  years  to  suggest  that  the  technology  of  dough  mixing  is  unlikely 
to  go  through  a  long  static  period  like  that  of  the  25  years  prior  to  1950. 
What  additional  changes  are  likely  to  occur? 

Even  with  the  impressive  advances  that  have  been  made,  the  judgment 
of  a  human  operator  is  still  indispensable  to  the  mixing  of  bread  dough  and 
cake  batter.  Control  of  the  operation  is  “open-loop.”  A  human  operator 
must  closely  observe  residts  and  make  corrections  as  necessary  in  operat¬ 
ing  conditions.  There  is  no  automatic  quality  detection  and  feed  back 
control— techniques  common  to  otlier  industries.  There  are  very  few 
decision-making  machines  in  the  bakery. 

However,  in  an  industry^  as  large  as  the  baking  industry,  it  seems  likely 
that  the  next  few  years  will  see  applications  of  these  sophisticated  tech¬ 
niques.  It  will  be  interesting  to  observe  the  changes  that  occur  as  ingen¬ 
ious  machine  makers  attempt  to  obsolete  even  their  latest  inventions. 
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CHAPTER  15 


Fred  D.  Pfening  '  I  Fermentation  and  Proofing  Rooms 


Both  fennentation  and  proofing  rooms  are  essentially  enclosed  spaces 
dimensioned  to  accommodate  a  given  number  of  troughs  or  racks  and  air- 
conditioned  to  provide  favorable  wet  and  dry  bulb  temperatures  for  dough 
fermentation. 

Fermentation,  per  se,  is  the  pivotal  point  in  the  production  line.  By 
this  reaction,  bread  is  given  its  essence  for  eating  quality.  But  fermenta¬ 
tion  cannot  stand  apart  from  the  mechanical  processing  complexities  of 
bread  in  the  individual  bakery.  The  whole  is  but  the  sum  of  the  separate 
parts  and  each  part  has  its  contributing  influence  on  the  whole.  A  failure 

m  any  one,  and  worse,  in  any  two  or  more,  subtracts  from  the  potential 
optimum  quality. 

Mechanization  and  automation  have  decisively  shaped  the  character¬ 
istics  of  baked  products.  The  economic  necessity  for  lowering  unit  cost, 
meeting  competitive  prices,  and  resisting  inflationary  trends  is  manifest, 
compelling  yet  more  and  more  mechanization. 

Where  production  and  engineering  ability  are  coordinated  to  create 
mechanically  operating  sequences,  automation  has  the  redeeming  advan¬ 
tage  of  delivering  physical  uniformity.  Timing  is  the  kev  to  automation 
Since  time  and  temperature  are  inseparable  in  dough  processing,  we  must 
control  temperature  in  order  to  control  timing. 


TECHNOLOGY  OF  AIR  CONDITIONING  FOR  DOUGH  PROCESSING 

ir  conditioning  is  the  science  of  maintaining  the  atmospheric  condition 

an  enclosed  space  at  a  predetermined  temperature  and  humidity  The 

.  mosphenc  conditions  to  lie  maintained  are  solely  dependent  on  die  use 

or  which  the  enclosure  is  intended  and  are  obtained  by  adjustment  of 
temperature,  humidity,  and  airflow.  '  )"^™ent  ot 

7"™  “‘‘t  "f  conditions  is  a  temperature  of 

80  F.  and  a  relative  humidity  of  about  75  per  eenf  f  ivnnbl7r7  i 

or  pan-proofing  are  temperatures  of  100°  to  12U°F  and  about  8-’  n  * 
relative  humidity.  However  there  are  nv,  V  82  per  cent 

factors  and  calculations  involved  in  obt  d.  01^^00 

ticularly  for  the  novice  or  iinspecialiLl  eimiJeef  thf  definir'  1 
comments  that  follow  should  be  most  helpful.  “  ’  and 


D.  PCKUIMC  is  the  Founder  and  Chairman  of  the  Board  of  The  Fred  D.  Pfeni 


ng 


377 


378 


BAKERY  TEC:HN0L0GY  AND  ENGINEERING 


When  a  fermentation  room  atmosphere  is  cooled  by  use  of  chilled  water 
pumped  through  a  coil  of  tubing,  the  heat  lost  by  the  air  is  transferred  to 
the  chilled  cooling  water  with  a  rise  in  the  temperature  of  the  water. 
Then  this  heat  is  again  transferred  by  a  condenser. 

Condensers  are  used  to  liquefy  a  gas.  A  condenser  for  air-conditioning 
work  consists  of  a  large  number  of  tubes  inside  a  steel  shell  or  cylinder. 
Water  circulates  inside  the  tubes  while  vapor  (Freon  12)  flows  into  the 
shell,  circulates  around  outside  the  tubes,  is  condensed  and  drawn  off  as 
liquid.  The  heat  accumulated  by  the  water  is  tranferred  to  the  vapor  and 
after  the  vapor  has  been  liquefied,  it  is  passed  through  an  expansion  valve 
into  vapor  and  again  begins  its  cycle  of  transferring  heat. 

A  Condensing  Unit  is  an  assembly  attached  to  one  base,  and  including 
refrigerating  compressor,  motor,  condenser,  receiver,  and  necessary  ac¬ 
cessories.  The  assembly  is  commonly  called  a  compressor  or  condenser. 
Refrigeration  compressors  are  used  throughout  the  bakery  wherever  indi¬ 
vidual  cooling  purposes  are  served.  Centrally  located  ammonia  compres¬ 
sors  are  practically  a  thing  of  the  past  in  bakery  applications. 

A  British  Thermal  Unit  commonly  abbreviated  B.t.u.  is  the  unit  of 
energy  or  heat  required  to  raise  the  temperature  of  one  pound  of  water 
one  degree  F.  under  standard  pressure. 


Flow  of  Heat 

Walls  transfer  heat  to  the  air  in  a  fermentation  room  because  they  are 
warmer  than  the  room  air.  Conversely,  walls  transfer  heat  to  the  air  out¬ 
side  a  proof  box  because  the  air  inside  is  hotter  than  the  air  outside. 
Whatever  this  heat  loss  may  be,  the  conditioning  unit  must  replenish  it. 
The  flow  of  heat  through  a  wall  depends  on  three  factors:  the  area  of  the 
wall-  the  difference  in  temperature  of  the  spaces  the  wall  separates;  anc 
the  heat  conducting  properties  of  the  wall.  The  same  holds  or  c  oois, 
windows,  roofs,  floors,  and  all  other  surfaces  with  differentials  in  tempera- 

Infiltration  is  the  process  of  cold  or  hot  air  leaking  into 
conditioned  space.  The  prime  sources  of  detrimental  air  ai.  «k^y  hi  fl  - 
imi  doors  windows,  elevator  shafts,  skylights,  and  ventilating  fans  It  ^ 
"u-tfcXly  unfortunate  when  an  exhaust  fan  has  been  .nstaUed  m  a 
location  whicli  either  blows  air  or  draws  air  over  a  proof  box.  Fo  . 
erdric  foot  of  air  exhausted  from  a  bakery,  a  f  f 
sarily  enter  the  bakery.  We  are  concerned  a 

t"-  r“^"’'^"'‘1d!!::nTm^  Jrst™i;re.  subtracts  from  i. 

::;::lhi:i  Udent  hem  and  he  restJred  at  a  rapid  rate,  if  the  proofing 


FERMENTATION  AND  PROOFING  ROOMS 


379 


process  is  to  he  even  reasonably  maintained.  This  negative  situation 
causes  condensation,  loss  of  heat,  and  moisture  starvation. 

Specific  Heat  is  numerically  the  numher  of  B.t.u.  that  must  he  trans¬ 
ferred  to  or  from  each  pound  of  substance  to  change  its  temperature  one 
degree  Fahrenheit.  The  specific  heat  of  steel  is  0.12;  of  dry  air  at  80°  to 
120°F.,  inclusive,  is  0.24;  and  of  dough  is  0.88.  Aside  from  the  room  struc¬ 
ture  itself,  only  steel,  air,  and  dough,  must  he  considered  when  the  calcula¬ 
tion  is  made  to  determine  the  air  conditioning  capacity  required.  It  may 
he  interesting  at  this  point,  to  know  that  one  cubic  foot  of  air  at  80°F. 
requires  0.01764  B.t.u.  to  warm  it  one  degree;  to  raise  air  at  120°  to  121  °F. 
requires  0.01642  B.t.u.  An  explicit  application  of  specific  heat  of  critical 
interest  to  the  production  and  maintenance  departments,  for  very  practical 
reasons,  is  that  when  a  change-over  is  made  in  a  proof  box,  from  a  four- 
strap  pan  set  to  a  five-strap  pan  set,  a  25  per  cent  increase  in  heat  is 
required  to  compensate  for  the  additional  pan  weight  and  dough  piece 


Fig.  74. 


Pfening 


Model  900  Fermentation  Room  with 
Double-Swinging  Doors 


Double-Acting, 


;vr,; ;  ‘’r“"  =■  - 

to  be  used  with  sweet  goods  inr  •  ^  ^  purchased 

pan  load.  I./adctol  rfvilv 

reipiires  more  time  and  higher^em^^rra^ure^’'^  shortening  dough  often 
specific  licat  load  of  these  extras  c  lls  f  “  satisfactory  proof.  The 
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the  inadequate  performance  which  may  be  observed  unless  he  had  been 
advised  in  writing  of  the  proposed  changes  when  the  purchase  was  made. 

Design  Temperature  is  the  temperature  which  a  system  is  designed  to 
(a)  maintain  or  (b)  establish  under  the  most  difficult  anticipated  condi¬ 
tions.  When  an  air-conditioned  system  is  to  be  designed,  the  temperature 
difference  to  be  used  in  calculating  the  heat  gains  or  losses  through  the 
surfaces  must  be  determned.  The  temperature  involved  is  dependent 
partially  upon  the  geographical  location  of  the  proposed  equipment. 
Usually  this  factor  will  apply  only  to  a  femientation  room  rather  than  to  a 
proof  box. 

Dry  Bulb  Temperature  is  a  measure  of  sensible  heat.  The  dry  bulb 
temperature  reveals  only  the  intensity  of  heat  and  not  the  total  amount  of 
heat  in  the  air.  The  total  moisture  air  can  hold  is  indicated  by  the  dry 
bulb  temperature. 

Wet  Bulb  Temperature  is  the  temperature  of  evaporation.  To  evaporate 
water  at  any  temperature,  latent  heat  must  be  supplied.  When  air  is 
heated,  the  wet  bulb  temperature  rises  as  does  the  dr}^  bulb  temperature. 
When  the  air  is  cooled,  both  the  wet  and  dry  bulb  temperature  fall,  de¬ 
pending  on  how  much  heat  is  removed.  The  differential  between  the  wet 
and  dry  bulb  reading  can  be  used  to  calculate  the  per  cent  relative  hu¬ 


midity,  provided  the  thermometers  are  accurate. 

Wet  Bulb  Depression  is  the  difference  between  the  dry  bulb  and  wet 
bulb  temperatures  under  identical  atmospheric  conditions.  For  any  given 
temperature,  the  greater  the  differential,  the  lower  the  relative  humidity. 
Any  condition  which  interferes  with  obtaining  the  lowest  wet  bulb  depres¬ 
sion  is  an  extreme  error  in  the  design  of  air-conditioning  equipment.  A 
dirty  wick,  or  dirty  water,  on  a  wet  bulb  thermostat,  will  give  a  false 
reading  and  atmospheric  reaction.  A  motorized  fan  creating  an  air 
velocity  of  about  600  feet  per  minute  over  the  wet  wick,  is  necessary  to 

vield  accurate  readings. 

Dew  Point  Temperature  is  the  dry  bulb  temperature  at  which  the  air 
in  the  proof  box,  or  fermentation  room,  or  elsewhere,  becomes  saturated 
with  water  vapor.  When  this  saturation  point  is  reached  the  vapor  con¬ 
denses  as  dew  or  particles  of  water. 

Humidity  is  moisture  or  vapor  present  in  the  atmospheric  air,  or  in  any 


mixture  of  air  and  water  vapoi. 

Relative  Uumulitij  is  the  percentage  of  moisture  present  in  the  ' 

tive  to  that  quantity  which  would  completely  saturate  it  at  t  ie  " 
Lmperature.'  Adding  heat  to  the  air  the  rebtwe  ^ 

When  air  with  one  grain  of  moisture  per  cubic  foot  is  at  F.  tl  e  h 
humidity  of  this  cubic  foot  of  air  is  15  per  cent.  It  is 
that  dough  will  “rise”  or  “proof”  more  rapidly  and  satisfactoiily 
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Fig.  75.  Construction  of  Proofing  Room  Floors 


change  from  solid  to  a  liquilt'oiTom'a  lij'.kl  to  TvapoLuk  tdth  no 

of  the  refrigeration  unit  should  1  El  1  m  temperature 

that  is  withdrawn  coring"  :t  K  e::':  iS  'tf’’" 

I, cat  ,ain  of  the  conditioned  .oEE  fn  mo’I"'"" 

atmosphere,  it  is  onr  purpose  to  lose  as' little  ^^tnuentation 

t  to  lose  as  little  moisture  as  possible  and 
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thereby  save  ourselves  the  task  of  reiiitrodiicing  moisture  to  maintain  pre¬ 
determined  relative  humidity. 

Sensible  Heat  is  that  heat  which,  when  added  or  subtracted,  results  in 
a  change  of  temperature. 

Total  Heat  is  the  sum  of  sensible  and  latent  heat. 

Vapor 

Where  vapor  is  present  care  should  be  e.xercised  in  the  design  of  instal¬ 
lations  since  some  insulations  can  absorb  and  retain  destructive  conden¬ 
sation  inside  walls  and  other  structural  spaces.  Warmth  and  vapor  can 
flow  through  asphalt,  paper,  plaster,  and  most  building  materials,  includ¬ 
ing  ordinary  insulating  material.  Vapor  condenses  when  the  air  reaches 
a  dew  point  upon  striking  a  colder  surface.  Vapor  barriers  should  not  be 
placed  on  both  sides  of  all  insulation.  In  a  building  the  cold  side  should 
be  able  to  “breathe.”  However,  in  a  fermentation  room  we  cannot  always 
follow  this  rule  because  both  sides  may  seasonally  alternate  as  the  “cold” 
side. 

Air  of  higher  outside  temperatures  will  support  more  vapor  than  the 
cooler  air  inside  a  building.  Often  vapor  flows  from  the  outside  to  the 
inside,  obedient  to  the  law  of  physics  that  vapor  travels  from  areas  of 
greater  to  lesser  density. 

Vapor  Barrier  is  material  intended  to  prevent  the  passage  of  water  vapor 
through  a  proof  box  or  fermentation  room  wall  so  as  to  prevent  condensa¬ 
tion  within  the  wall. 

Saturation  and  Superheat.— The  vapor  or  steam  at  the  boiling  tempera¬ 
ture  is  called  “saturated”  and  it  remains  saturated  as  long  as  any  liquid  is 
left.  After  all  the  liquid  is  changed  to  a  vapor,  any  further  heat  added 
goes  into  heating  the  vapor  and  this  raises  the  temperature  of  the  vapor 
or  “superheats”  it.  Thus,  superheating  the  vapor  means  raising  its  tem¬ 
perature  above  the  saturation  temperature  and  the  amount  of  heat  neces¬ 
sary  to  do  this  is  called  the  “superheat”  in  the  vapor.  It  will  be  seen  then 
that  superheat  is  sensible  heat. 

Pressure  and  Temperature.-The  temperature  at  which  water  hoils 
depends  upon  the  pressure  on  the  water.  The  standard  piessuie  is  sea 
level  where  water  boils  at  212°F.  If  water  is  heated  on  a  mountain  top, 
say  at  1(),()()0  feet,  it  starts  to  boil  when  it  gets  to  193.5°F.,  because  tie 

iiressure  is  less  than  at  sea  level. 

Zero  Gauge  Pressure.-The  pressure  at  sea  level  is  zero  on  a  pressuie 
gauge.  Pressures  above  zero  are  expressed  in  pounds  per  square  me  i  ^ 
a.ul  the  pressure  gauge  is  so  gra<luated.  Huwever,  , 

are  usually  expressed  in  “inches  of  mercury  vacuum,  and  the  gauge 
grlluale'l  in  inches  down  to  30.  A  -pefeef  vacuum  is  29.92  .ncl,es  of 
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mercury  below  zero  (sea  level)  and  the  29.92  inches  of  mercury  are 
ecjuivTilent  to  14,7  pounds  per  scpiare  inch,  so  one  inch  of  vacuum  on  the 
gauge  is  approximately  ec|uivalent  to  one-half  pound  per  square  inch. 

Absolute  Pressure.— If  we  started  our  gauge  scale  at  zero  for  a  perfect 
vacuum,  then  sea  level  (or  zero  gauge)  would  be  14,7  pounds  per  square 
inch,  \\dien  we  refer  to  a  zero  that  is  a  perfect  vacuum,  we  call  it  “abso¬ 
lute  zero;”  if  we  refer  to  zero  at  sea  level,  we  call  it  “zero  gauge.”  In 
practical  field  work,  we  use  the  zero  gauge  almost  entirely  and,  unless  it  is 
otherwise  specified,  pressure  readings  above  zero  gauge  ( above  sea  level ) 
are  meant. 

Vapor  Pressure  is  the  equilibrium  pressure  of  the  vapor  of  a  liquid  in 
contact  with  the  liquid.  Vapor  pressure  is  a  factor  in  the  condensation  of 
moisture.  The  higher  the  dry  bulb  temperature  at  which  the  proof  box  is 
air-conditioned,  the  greater  the  flow  of  heat  to  and  through  the  floor. 
Wfith  approximately  82  per  cent  of  relative  humidity  at  11()°F.  dry  bulb 


temperature  the  dew  point  is  103°.  With  a  six  degree  differential,  the  con¬ 
densation  on  a  cold  floor  is  considerable.  For  the  continuous  dough¬ 
mixing  process,  bakers  are  now  calling  for  a  three  degree  differential  be¬ 
tween  wet  and  dry  bulb  temperatures,  equalling  90  per  cent  lelative  hu¬ 
midity  and  a  dew  point  of  107°F.  with  the  dry  bulb  at  110°F.  Under  this 
situation  the  condensation  rate  can  be  terrific,  unless  adequate  insulation  is 
placed  between  the  concrete,  or  tile,  and  the  earth.  Detailed  instruction  | 
may  be  found  under  “Proof  Box  Floors  (p.  394). 

Condensation  is  the  opposite  of  evaporation;  it  is  the  process  by  which  i 
a  substance  changes  from  a  gaseous  to  a  liquid  state.  In  a  proof  box,., 
condensation  or  “sweating”  is  most  likely  to  occur  on  the  floor,  ceiling,,! 
and  walls  inside  the  structure,  because  the  dew  point  temperature  is  only  ^ 
slightly  below  the  dry  bulb  or  sensible  heat  temperature.  When  conden--i 
sation  occurs,  it  is  caused  by  one  or  the  other,  or  a  combination 
insufficient  insulation  in  the  wall  or  ceiling  panels,  or  under  the  floor;  ;i 
(b)  cold  drafts  of  air  striking  the  panels  or  doors,  originating  from  open¬ 
ings  in  the  building  such  as  windows,  doors,  elevator  shafts,  skylights,  or ^ 
ventilating  fans;  (c)  operationally,  the  dry  bulb  temperature  dropping, 
while  the  wet  bulb  temperature  remains  constant  per  thermostatic  se  i 
ting  The  latter  is  due  chiefly  to  steam  pressure  dropping  at  tie  oi  e 
or  from  temporary  diversion  of  steam  to  another  piece  of  equipment,  often  I 

the  oven  or  a  pan  washer.  ,  .  U 

Condensation  seldom  for, ns  <,n  the  fer.nentat.on  room  s 
ceiling,  or  Hoor  f.ecanse  of  tlie  nsnal  80“F.  dry  In, lb  tenrperature.  A 
though  the  75  per  cent  relative  lu,,nidity  is  high,  the  dry  «,  >  is  nsi  ■  • ; 

excess  exterior  heat  than  troni  cold,  except  where  a  hu.K 


fers  more  from 
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ing  wall  with  inaclcciuate  insulation  forms  a  side  of  the  room,  consequently 
increasinu;  the  cooling  load  in  warm  weather  and  the  heating  load  in  cold 
weather.  A  proof  box  seldom  suffers  from  exterior  heat. 

Transfer  of  Heat  is  necessary  if  we  are  to  heat  one  substance  by  an¬ 
other.  Heat  can  be  transferred  by  conduction,  convection,  or  radiation. 

Conduction  is  the  transfer  of  heat  from  one  part  of  a  body  to  another 
part  of  the  same  body;  or  from  one  body  to  another  body  in  contact  with 
it.  To  retard  the  How  of  heat  by  conduction,  insulation  is  required. 

An  empty  space,  as  between  two  walls,  is  the  best  insulator  against  heat 
How  by  conduction,  but  it  does  not  prevent  heat  How  by  radiation  and 
convection.  Of  all  heat  transferred  through  structural  spaces,  about  50 
per  cent  to  80  per  cent  is  by  radiation;  all  but  about  seven  per  cent  of 
the  rest  is  by  convection. 

Convection,  which  applies  only  to  Hnids  (gases  or  vapor),  is  the  trans¬ 
fer  of  heat  from  one  point  to  another  within  the  Hnid  by  mixing  of  the  one 
portion  with  another.  In  heat  transmission,  this  meaning  has  been  ex¬ 
tended  to  include  both  forced  and  natural  motion  or  circulation.  One  of 
the  most  important  instances  of  convection  air  currents  is  in  the  natural 
ventilation  of  industrial  buildings  and  other  structures.  In  the  bakery,, 
an  oven  gives  off  heat  by  radiation;  then  air  currents  pick  up  this  heat  by 
convection,  and  thus  warm  the  area  a  considerable  distance  beyond  the* 
source  of  radiated  heat.  We  may  simply  describe  convection  as  an  air-- 
wiping  movement  over  a  warm  surface  such  as  a  radiatoi. 

Radiation  is  the  energy,  that  is,  the  heat,  given  off  by  a  body,  say  a: 
radiator,  in  the  form  of  waves.  One  substance  surrenders  heat,  and  I 
another  receives  it.  To  express  it  another  way,  radiation  is  the  transinis-- 
sion  through  space  of  rays  with  the  properties  of  light.  Infra-red  heat: 
rays  travel  at  the  speed  of  light,  are  invisible,  have  no  temperature,  only^ 
energy.  Radiated  heat  can  be  reHected  from  a  bright  surface, 
absortied  liy  a  surface,  the  rays  are  transformed  to  lieat.  The  surface  off 
any  object  warmer  tluin  alrsolute  zero  will  radiate  to  a  colder  surface.  . 
Radiated  heat  can  well  become  a  source  of  double  in  bakery  air-condi- 
tinning  equipment  since  rays  which  are  permitted  to  J 
in  a  proof  bo.M  may  cause  overly  rapid  proofing  of  tlie  dough.  That  i 
why  the  heating  unit,  distrilniting  air  ducts,  and  thermostats  are  iso  ate  , 
or  Lulated,  from  tlie  interior  of  a  proof  Irox;  and  tlie  I.eat  is  earned  an 
distrifmted  uniformly  throughout  tlie  bo.x  by  forced  “nvec hm  ai  ■ 
streams.  Flowever,  the  effect  is  not  serious  in 
because  of  lower  atmospheric  temperature  and  ;  ' 

suspended  from  the  ceiling,  while  the  doughs  are  "'“y  " 

To  temper  a  fermentation  room  easi  y,  we  mus 
heat  rays,  or  radiation,  as  from  an  oven,  or  through  a  loof.  Most 
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flow  through  a  roof  space  in  summer  is  by  radiation.  There  is  no  con¬ 
vection  down,  and  little  conduction  through,  low  density  air. 

Temperatures  can  reach  over  140° F.  from  the  exterior  in  some  bakery 
attics,  and  considerably  more  if  oven  radiated  heat  is  present.  A  shield, 
between  equipment  and  sun,  against  radiant  heat,  lifts  part  of  the  load! 
from  cooling  equipment  and  reduces  installation  and  up-keep  costs.  But 
the  building  itself,  which  is  perhaps  not  artificially  cooled,  needs  an 
insulating  shield. 

In  most  cases,  actual  heat  transfer  is  accomplished  by  more  than  one 
of  the  three  possible  means.  Thus,  a  convector,  or  radiator,  instantane¬ 
ously  heats  adjacent  air  by  conduction.  The  heated  air  rises  and  mixes? 
with  other  air,  thus  heating  by  convection.  Meanwhile,  the  surface  of  the 
device,  or  radiator,  is  emitting  radiant  energy  and  warming  solids  inr 
front  of  it.  Similarly  with  panel  or  radiant  heating,  the  surface  wanned  by 
radiation  immediately  transfers  heat  by  convection  to  adjacent  air. 

Insulation.-Thermal  insulation  is  material  used  to  effect  a  reduction 
of  transmission  of  heat  by  a  relatively  large  degree.  The  efficiency  of! 
insulation  is  measured  by  its  "K”  factor.  This  factor  indicates  how  many 
B.t.u.  per  degree,  per  hour,  will  transfer  through  a  piece  of  insulation 
one  inch  thick  and  one  foot  square.  For  instance,  the  “K”  factor  of  cork- 
board  is  0..34,  foamglass  0.4.5,  glass  wool  of  1.5  lb.  density  0.27  rigid  fiheri 
board  0.3.3;  “U”  factor  of  common  brick  ( four  inches )  is  0.81  while  that  o 

concrete  block  (eight  inches)  is0..56.  ,  i  .i 

Insulation  has  two  points  for  discussion.  We  can  insulate  abundantly, 
and  thereby  save  much  of  the  cost  of  heating  and  cooling  a  room.  \\  e  can 
insulate  meagerly,  or  not  at  all.  and  thereby  increase  the  cost  of  heating 
or  cooling  a  room.  An  additional  difference  fietween  the  two  approaches.- 
is  that  if  wifi  afso  become  more  difficiift,  and  costfy,  to 

control  an  uninsulated  room.  All  building  "’f  "f  “ 

insulating  value  and  it  is,  therefore,  a  matter  of  selection  and  cost  as  to 

which  is  the  most  economical  for  the  particular  piiipose. 

"nines  to  a  gi'eat  extent  what  the  dew  point  temperature  wi  1  ^ 

under  a  given  set  of  circumstances  and  ;'^^“'Xfennenta-i 

htioS  f-essing  at 

1  he  clo.ser  rrreater  the  liabilitv  becomes  for  chang- 

tures,  particularly  m  ,„„ch  insulaticr 

iiig  the  moisture-saturated  an  to  c  .  condensation 

has  been  incoiixirated  into  tlie  widl  ^  ^  ’  temperatures  an' 

. . '-““h;)' .1-  .e,™ 


controlled  separately.  As  has 
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troof  box  equipment  n.„-,llv  „  i  ^  ^  ^  manufacturer  of 

emperature,  under  a  concrete  floor 

■i'litained  in  each  locality  at  30  to  60  feetT'  l  ^  “f  water 

hmx  from  37°F.  in  the  north  ,o  77^  "  '  ^  ^1’- 

to  77  F.  m  the  southern  tip  of  Florida.  In 
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either  locality  and  all  in  between,  floors  laid  on  earth  will  rapidly  con¬ 
dense  the  vapor  which  has  been  provided  to  maintain  the  desired  rela¬ 
tive  humidity.  The  remedy  is  to  insulate  adequately  under  the  floor, 
concrete  slab,  or  other  material.  The  insulation  should  extend  at  least  24 
inches  beyond  the  perimeter  of  the  equipment  itself,  since  concrete  is  a 
fairly  good  conductor  of  cold.  A  concrete  bakery  floor  is  continuous 
and,  if  the  proof  box  floor  is  on  the  same  level,  “cold”  will  crawl,  so  to 
speak,  through  the  concrete  which  is  above  the  insulation  and  create  a 
dew  point  temperature,  resulting  in  condensation  on  the  proof  box  floor 
and  steel-covered  panel  walls  of  the  proof  box  which  make  contact  with 
the  floor. 
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Aih  Conditioning  System  foh  a  Phoofing  Room 


Geographical  Weather  Data 

It  is  priKlent  for  the  design  engineer  to  determine  the  weather  statistics: 
f„‘  a  particnlar  locality.  Snch  data  are  available  from 
on  air  conditioning.  The  weather  bnrean  m  any  of  the  laigei  c.t  es 

United  States  can  supply  answers  to  almost  any  .,151, 

records  iioing  back  60  years  or  more.  If  an  outside  buildii  g  ^  ^ 

(he  fei  iheiitatieii  r™*ih  'vdl  ™  h.s.ihheil  Iv  ■ 

(,  .l,.lgn  l.m|,e,.(.(.e  ("lnl»»""  I™  i  ™  L  . . 

le,  „,.ii,,g,  will  -a;  ■" 

be  the  extreme  north  of  taanacia  roi  h 
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bordering  the  equator  for  cooling.  In  either  of  these  instances,  the  task  is 
not  so  much  heating  or  cooling,  but  maintaining  proper  humidification 
when  hot  weather  demands  that  the  cooling  equipment  deliver  its 
maximum.  Cold,  dry  air  infiltration  has  a  tremendous  thirst  for  moisture 
and  is  the  nemesis  for  maintaining  humidification.  Likewise,  in  the  hottest 
weather,  with  the  cooling  equipment  working  more  constantly,  the  cooling 
coil  may  he  wringing  the  water  out  of  the  room  atmosphere  faster  than 
it  can  he  inducted. 

Sanitation 

Sanitation  for  both  proofing  and  fermentation  rooms  is  covered  by 
Sanitation  Standards  No.  10,  approved  July  1,  1955,  by  the  Baking  In¬ 
dustry  Sanitation  Standards  Committee.  Dough  troughs  are  also  covered 
as  Standard  No.  2,  in  the  same  publication.  Neither  the  proofing  nor  the 
fermentation  room  has  a  product  zone.  The  code  provisions  relate  only 
to  a  non-product  zone  and  the  air-conditioning  equipment.  Copies  are 
available  at  25  cents  per  copy  from  the  Committee  Office,  511  Fifth 
Avenue,  New  York  17,  New  York. 

PROOF  BOX  HEATING  AND  HUMIDIFICATION  PREREQUISITES 

Tlie  pill  pose  of  a  proof  box  is  primarily  one  of  heating  and  humidifying 
to  maintain  wet  and  dry  bulb  temperatures  which  will  cause  a  dough 
piece  to  pi  oof  within  a  scheduled  time  period.  Many  contributing 
factors  influence  performance  success  or  failure.  The  process  is  essen¬ 
tially  air-conditioning  and  subject  to  the  vagaries  of  psychroinetric 
deviation. 

Heat  Transfer 


If  a  tempeiature  control  apparatus  is  to  perform  its  assigned  duty  in  a 


Pressure 
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pressure  are  required.  A  pouud  of  water,  wlien  vaporized,  will  produce^ 
less  than  1,(K)0  B.t.u.  If  it  takes  up  to  12,000  B.t.u.  per  hour  to  maintains 
110°F.  of  heat  per  proof  rack,  pans,  and  dough,  there  will  be  twelve 
pounds  of  condensate  draining  from  the  radiator.  A  simple  test  is  to 
collect  the  condensate  for  one  hour,  as  it  drains  through  the  trap,  andl 
then  weigh  it. 

The  pressure  of  steam  indicates  its  temperature;  at  10  p.s.i.g.  it  is  240' 
degree,  at  15  p.s.i.g.  it  is  250°F.,  and  the  higher  the  pressure,  the  higherr 
the  temperature.  This  is  the  reason  why  steam  from  a  high  pressure? 
boiler  must  have  a  pressure  reducer  in  the  line  and  also  why  bare  pipe; 
should  be  provided  for  a  distance  of  at  least  25  feet  to  the  proof  hox? 
humidification  unit  to  obtain  loet  steam. 


Capacity 

A  proof  box  needs  ample  heating  capacity  to  be  drawn  on  for  quick*! 
reaction  to  counteract  infiltrated  cold  air.  This  occurs  particularly  when 
a  door  is  opened  to  admit  a  cold  rack,  pans,  and  dough.  Adding  to  this? 
burden  is  the  fact  that  with  an  open  door  the  ambient  air  volume  and 
temperature  rush  into  the  proof  box  at  the  lower  part  of  the  open  door; 
and  at  the  same  instant,  the  conditioned  atmosphere  from  inside  the  box* 
rushes  outward.  Considering  the  number  of  doors  involved  and  the  rate;, 
of  their  opening  and  closing,  we  encounter  quite  a  heat  and  humidity, 
loss.  The  recovery  rate  is  dependent  on  the  sensitivity  of  the  thermostat- 
and  the  heat  capacity  of  the  conditioning  equipment. 

Gauges 

Steam  gauges  are  calibrated  for  pounds  per  square  inch  gauge  which 
is  universally  abreviated  as  p.s.i.g.  The  pressure  reading  is  no  indica¬ 
tion  of  the  volume  of  steam  available.  Gauges  do  not  remain  constantly, 
accurate.  Inaccuracy  is  accelerated  by  steam  surges  overworking  and. 
shocking  the  mechanism.  The  shut-off  valve  between  the  pigtail  and. 
the  gauge  should  be  kept  closed  and  should  be  opened  only  at  the  timei 

a  reading  is  taken. 


Steam 


.  ^  V%  ABA 

A  proof  box  does  not  consume  steam  continuously;  the  demand  is 
intermittent  and,  for  a  great  volume,  is  at  short  intervals.  If  a  proof  box: 
were  a  totally  closed  space  without  air  infiltration  or  ambient  hea 
subtracting  inHueuces,  wet-  and  dry-bulb  ternpermures  could  be  m^i'. 
tained  to  fractional  degree  values.  As  it  is,  a  proof  box  has  many  c  . 
many  cracks,  and  many  cold  racks  loaded  with  c^ld  pans  cool  >  h 
entering  and  leaving  only  a  few  minutes  apart.  Steam  of  uniform  quali .. 
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is  nceclod.  The  most  common  temperature  failures  derive  from  low  pres¬ 
sure  and  low  volume  steam.  Inadequate  boiler  capacity  accounts  foi 
some  of  this,  and  even  though  the  boiler  has  sufficient  capacity  for  the 
proof  box,  the  steam  intended  for  it  is  suddenly  diverted  to  an  oven,  a 
pan  washer,  or  other  equipment.  A  high  pressure  boiler  with  60  p.s.i.g. 
has  a  steam  temperature  of  307°F.  and  at  75  p.s.i.g.  a  temperature  of 
320°F.  Wdien  the  pressure  is  reduced  to  15  p.s.i.g.  the  temperature  is 
not  reduced  proportionally. 

Pressure  Reducer 


If  the  reducer  is  located  close  to  the  conditioning  unit,  the  steam  will 
be  hot  and  dry,  and  when  it  is  used  for  humidification  it  will  add  more  to 
the  dry  bulb  temperature  of  the  atmosphere  than  to  the  wet  bulb, 
thereby  endangering  the  control  of  both.  The  pressure  reducer  should 
be  located  at  least  25  feet  from  the  conditioning  unit,  without  insulation, 
so  that  lower  temperature  wet  steam  will  be  available  for  humidification; 
the  temperature  of  this  steam  should  not  exceed  250 °F. 

Trouble  has  occurred  in  many  instances  because  the  reducing  valve 
was  old,  rusted,  or  corroded,  or  the  orifice  was  restricted.  In  other  in- 
>tances  the  reducing  valve  was  too  small  to  pass  sufficient  steam  for 
leating  and  humidity  requirements.  A  steam  strainer  is  mandatory 
Lhead  of  a  reducing  valve  and  for  all  automatic  valves. 

Condensation  Leg  Trap 

A  long  steam  supply  pipe,  from  boiler  to  conditioning  unit,  should  have 
I  dnp  trap  leg,  located  at  the  lowest  sag  point  in  the  line,  to  remove  the 
mndensation  slugs  and  prevent  water  from  reaching  the  heating  coil. 

Radiator  Trap 


The  steam  trap  can  be  a  prolific  source  of  trouble  affecting  the  radiator 
.Utput  of  heat  to  the  point  of  extinction.  The  majority  of  troubles  are  in 
eahty  system  deficiencies  rather  than  bona  fide  trap  troubles.  To  fore- 
tall  troubles  periodic  inspection  should  be  made.  Trap  effectiveness  is 

houlTnot  be  Vo" 

noulcl  not  be  connected  into  one  trap. 


dcat  System  Trouble  Shooting 

There  are  almost  a  dozen  categories  of  trouble  in  connection  with  a 
PSbl"el:lT;^e^^  -  the  most  m; 
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condensate;  (e)  insufficient  steam  volume  because  of  small  supply  pipe; 
(f)  back  pressure;  (g)  return  pipe  too  small  to  carry  away  all  condensate,, 
(b)  diit\^  trap;  (i)  defecti\’('  trap;  (j)  worn  parts  or  worn  seat.  See  below. 
No  Flow  of  Condensate.— (a)  Steam  pressure  too  high  (check  limitl 


pressure  on  trap);  (h)  pressure  regulating  valve  out  of  order;  (e)  pres¬ 
sure  giuige  on  boiler  reads  too  low;  (d)  steam  strainer  in  supply  line;- 
stopped;  (e)  steam  supply  volume  robbed  by  oven,  ete.;  (f)  no  air  velocity, 
through  heating  coils;  (g)  steam  valve  fails  to  open;  or  (h)  thermostat  on 
relay  failure. 


No  Water  Coming  to  Trap.— Pipe  line  or  elbow  plugged  with  dirt. 
Same  causes  stated  in  the  two  preceding  paragraphs  may  lead  to  this; 
trouble. 

Continuous  Flow  of  Condensate.— (a )  Abnormal  waiter  condition;  (h)' 
boiler  may  foam  or  prime,  throwing  large  quantities  of  water  into  steanr 
lines;  or  (c)  abnormal  condensation  taking  plaee  in  feed  steam  line  due? 
to  exposed  pipe  in  cold  location.  Such  conditions  will  prevent  heating, 
coil  from  producing  rated  capacity. 

Steam  Loss.— (a)  Valve  fails  to  seat;  (b)  piece  of  scale  or  pipe  cutting: 
lodged  in  orifice;  (c)  w^orn  seat;  or  (d)  trap  thermostat  needs  replacing. 

Sluggish  Heating.— (a)  Other  units  or  traps  of  larger  capacity  emptying; 
into  same  return  line  may  cause  intermittent  back  pressure  on  the  trap  ia 
ciuestion;  (b)  water  slugs  in  supply  line  (remedy:  install  a  large  capacity, 
trap  in  the  supply  pipe  at  lowest  level  of  pipe);  (c)  vacuum  in  return 
line;  or  (d)  air  bound. 

Mysterious  Trouble.— (a)  Back  pressure  may  reduce  capacity  of  trap; 
(b)  return  line  too  small;  (c)  vent  in  return  line  may  be  plugged;  (cl) 
obstruction  in  return  line;  or  (e)  other  traps  may  be  blowang  steam. 

Imaginary  Trouble.-If  it  appears  that  steam  escapes  every  time  trap 
discharges,  remember:  Hot  condensate  forms  FLASH  steam  when  le- 
leasing  to  lower  pressure.  Flash  steam  wall  usually  condense  cpiickly  in 
the  return  line.  A  real  steam  leak  under  pressure  appears  bluish. 

Fact.-A  proof  box  operating  at  11()°F.  wall  require  a  minimum  capacity, 
of  tw^elve  pounds  of  steam  per  proof  rack,  per  hour.  If  low  heat  or  low. 
humidity  occurs,  first  provide  sufficient  steam  capacity,  but  not  above. 

the  trap  pressure  limit. 


IMPORTANCE  OF  PROOFING  ROOM  FLOORS 
All  fioor  areas  on  which  the  structure  is  to  rest  should  be  of  equal  eleva¬ 
tion  particularly  the  perimeter  where  the  major  portion  of  the  load  is. 
carried  The  elevation  points  should  be  established  by  a  transit  leve  .  * 
sound  floor  must  be  provided  under  the  proof  box  The  floor  must  iw 
only  support  the  structure,  but  also  must  have  sulficient  msulatioi  . 
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inoistiire-exclucling  qualities  to  prevent  a  constantly  wet  floor  surface. 
^^'ater  vapor  which  condenses  is  lost  and,  necessarily,  must  be  replaced, 
l.avins:  new  floor,  rather  than  the  use  of  a  doubtful  old  floor,  is  advisable 
when  a  new  proof  box  is  to  be  installed,  or  when  an  old  box  is  moved  to 
a  new  location. 

Floors  laid  directly  on  the  earth  will  rapidly  condense  overlying  vapor 
to  water.  The  remedy  is  to  insulate  properly  the  floor  area  under,  and  for 
2  to  3  feet  beyond,  the  perimeter  of  the  proof  box.  The  higher  the  dry 
bulb  temperature  at  which  an  air-conditioned  enclosure  is  operated. 


■«c.  81.  Map  of  Oms:]>E  DE,„r,N  Dry  Bulb  Temperatures  for  Cooling  Estimates 

apppoxiniately  82  per  cent  relative  humidity,  the  greater  the  flow 
heat  to  and  through  tlie  concrete  floor.  The  condensation  potential 

n^s  nrto'lvf""  ''  ‘"“""f^cturer  recom- 

teat  WW  "'T  to  prevent  the  los.s  of 

•  '  pioofing  temperatures  are  up  to  120°F.,  we  suggest  tint 

to  maintr::flt: 

The  ideal  proof  ho.x  floor  has-  / 1  i  ui  i 

™oh"d'tonS;“^^  rrutd 'as'a'T'l  ^ "e 

let 
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mension  of  the  proof  box,  on  all  four  sides.  This  should  he  a  1  to  6  mix., 
being  1  bag  of  cement  and  lVi>  hags  of  Zonolite  stabilized  concrete 
aggregate;  (4)  if  proof  box  is  less  than  ten  feet  away  from  an  outside 
building  wall,  the  wall  and  Boor  shoidd  be  separated  with  12-inch  widtW 
and  8-inch  to  12-inch  dc^pth  of  Zonolite  insulating  concrete  to  preventi 
“crawl”  of  cold  to  the  floor  and  wall  panels  of  the  box.  If  the  box  ii. 
close  to  a  cold  wall,  the  separation  strip  is  a  positive  “must.” 

Wdiere  the  soil  on  which  the  concrete  is  to  be  laid  has  recently  been 
disturbed  and  there  is  danger  of  settling,  a  reinforcing  steel  mesh  shoulc!i 
he  y)laced  in  the  concrete.  Where  the  slab  is  below  grade,  in  a  poorl) 
drained  location,  or  where  there  is  a  high  water  table,  the  soil  should 
be  stabilized  by  raking  dry  cement  into  the  top  inch  of  soil,  sprinkling; 


Fig.  82.  Map  of  Outsidf  Design  Wet  Bulb  Iemperaiubes  in  the  Uniied 

it  with  water,  and  rolling  it  to  a  hard  ernst.  Over  this  niop  tLwn  t'vr 
layers  of  water-proof  paper  with  hot  asphalt.  This  membrane  should 
turned  up  against  the  outside  wall  to  the  height  of  the  concrete. 

wlen ‘the  slab  goes  over  a  well-<lrained  area,  tl-  Jnsu  at.on  ua.uld 
probably  remain  drier  if  no  vapor-seal  membiane  is  msta  c< . 

oof  b<k  temperature  is  U()°F.  dry  bulb  and  1(I4«F.  wet  bu  b,  and 

f  ^  tliG  tendency  is  for  the  moistui 

earth  temperature  is  approxiinattly  55  K,  the  ten  y  j 

r.  1  0-1  rtB  It  is  therefore,  important  to  asceitaiu 

tn  ifo  toward  tlie  eaitn.  it  t  i  arir'iflf 

moisture  condition,  or  probability  of  what  will  occur,  in  order  to 
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^vhether  or  not  to  use  a  vapor-seal  membrane  between  the  eartli  and  the 
nsiilation.  This  phenomenon  is  true  regardless  of  what  tv^^e  of  insula- 
:ion  is  used.  A  vegetable  material  insulation  will  in  time  decay.  It  should 
)e  remembered  that  a  wet  insulation  material  loses  its  insulating  quality. 


TYPES  OF  PROOFERS 

The  terminology  of  proofing  should  be  established  to  differentiate  be- 
ween  conditions  existing  before  the  piece  of  dough  goes  to  the  molder 
md  after  it  leaves  the  molder.  ^^3len  dough  is  delivered  from  a  divider 
t  has  a  raw  surface  with  the  gas  practically  eliminated  from  the  cells. 
Then  the  dough  piece  is  placed  in  a  rounder  where  it  is  dusted  and 
pirally  rolled  until  a  skin  is  formed.  From  the  rounder  the  piece  is 
leposited  on  a  belt,  shelf,  or  pocket  of  an  intermediate  proofer,  where 
t  remains  5  to  15  minutes,  and  sometimes  longer,  continuing  its  fermenta- 
ion  so  that  it  becomes  pliable  and  formable  and  can  be  rolled  into  a  flat 
heet  by  the  rolls  of  the  molder,  curled  like  a  jelly  roll,  and  compressed  to 
L  shape,  length,  and  diameter  to  fit  into  a  baking  pan.  The  panned 
lough  now  goes  into  its  final  proofing  stage,  in  a  final  proofer;  more 
ommonly  called  a  proof  box. 


inal  Proofing 

By  the  time  the  flat  shallow  box  was  abandoned  and  the  first  total 
ndosure  came  into  use,  the  traditional  “box”  continued  as  an  accepted 
esignation  in  the  bakery  field;  old-time  bakers  always  called  such  a 
oom  a  “steam  box”  and  many  still  do.  In  those  early  days  only  un- 
onfined  steam  was  utilized  for  both  heating  and  humidification  When 
he  writer  xyas  a  comparatively  young  man,  he  designed  an  “improved 
team  box  by  sinking  a  pit  under  the  box  and  laying  steel  channels  on 
level  with  the  bakery  floor  for  track  to  support  castered  proof -racks 
per  orated  steam  pipe  was  placed  near  the  bottom  of  the  water-filled 

e  f  ‘«"Pe>-»tu>'e,  as  best  could 

L  •  "-as  not  necessarily  an  evil  in  those 

_  ys,  this  new  idea  was  an  improvement  written  up  by  the  trade 

urnals  and  many  of  these  steam  boxes  were  built  all  over  the  countrv 

[:c:2sZe;rfii;o:;::s.”' 

ifer 

e  called  proof  boxes.  prooters,  they  too,  will  persistently 
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Floor  Type  Proof  Box 

I  he  Hoor-type  proof  box  employs  caster-mounted  proof  racks,  with  9- 
or  10  slielves,  24  or  28  inches  wide,  on  wliicli  the  pan  straps  are  placed  and 
then  moved  into  the  “box”  for  the  final  proof.  Seventeen-shelf  racks  are-: 
also  used  for  buns  and  sweet  goods.  The  modern  version  of  the  proof  hox» 
structure  is  a  steel  frame,  covered  with  insulated  panels,  with  doors  at 
each  end,  for  each  lane,  through  which  the  racks  move  periodically  at 
a  rate  to  consume  the  previously  determined  proofing  time;  from  5()j 
minutes  to  as  long  as  two  hours.  The  air-conditioning  system  is  auto¬ 
matic,  although  the  handling  of  the  proof  rack  is  manual. 

Overhead  Rail  Final  Proof  Box 

The  overhead  rail  or  Monorail  type  of  proof  box  is  similar  to  the  flooi 
type  except  that  it  is  built  higher  to  accommodate  the  rail  and  trolley- 
mounted  proof  racks.  These  racks  are  also  manually  moved  about.  A’ 
mechanized  method  for  moving  racks  has  been  developed,  but  is  not- 
widely  used.  The  same  air-conditioning  system,  as  on  the  floor  type,  is 
used. 


Traveling  Final  Proofer 

A  proofing  tunnel  with  conveying  means  similar  to  the  traveling  heartli 
oven  was  first  used  many  years  ago.  In  the  beginning  it  also  was  supplied 
only  with  unconfined  steam  for  heat  and  humidity;  and  was  manually 
a.djusted  for  temperature  and  humidity.  Automatically  controlled  aii-' 
conditioning  systems  are  now  used  for  proofers  of  this  ancient  type. 

Other  traveling  hearth  or  belt-conveying  types  have  been  built  and 
have  given  moderately  satisfactory  performance.  However,  large  flooii 
space  is  required  since  the  entrance  end,  being  so  far  from  the  delivery 
end,  may  cause  the  make-up  area  to  be  as  much  as  200  feet  away. 


Totally  Automatic  Traveling  Final  Proofer 

Tlie  development  of  a  fully  automatic  conveying  system  for  proofing 
was  motivated  by  its  potential  economic  value  in  the  production  line.  Its 
profitable  use  has  grown  as  the  baking  industry  increased  its  dough  pound 
per  hour  oven  capacity.  The  latter  progress  grew  out  of  several 
modernization  changes  in  production  equipment  and  ,nethod,s  1 

equipment  from  divider  to  molder  has  improved  so  that  high-speed  ly 
li^erv  of  dough  pieces  is  attained.  Probably  tlie  greatest 
been  the  newly  developed  practice  ol  shortening  the  oven-bake  pei  oc 
to  as  little  as  seventeen  minutes.  Admittedly,  the  practice  is  dontroyeis 
within  the  industry  and  discussion  continues  on  the  lelative  men  - 
“slow  bake”  and  the  “quick  bake.” 
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Floor  space  and  ceiling  height  in  a  modern  sanitary  bakery  building 
are  costly.  Equipment  has  an  annual  cost  per  square  foot  occupied. 
Suspended  tray  and  wire  licit  conveying  types  are  waived  in  favor  of 
rack  type  or  stabilized  tray  type  because  less  floor  area  is  demanded.  ()1 
course,  only  large  production  bakeries  are  justified  in  making  the  invest¬ 
ment  which  is  required. 

The  caster-mounted  rack  has  been  standard  for  years;  the  older  mem¬ 
bers  of  the  trade  will  recall  the  wooden  rack  and  trough,  and  their 
successors,  the  gradually  improved  steel  rack  and  trough.  Today,  the 
automatic  multiple-tier  proof  box  necessitates  a  new  design  in  trays  and 
racks;  one  that  has  a  length  of  shelf  to  load  fully  the  width  of  a  modern 
oven  mouth  at  one  full  sweep  of  the  pusher-arm. 


To  obtain  adequate  proofing  time  and  dough  weight  cinaeitv  tbe  .. 
all  dimensions  change  in  Ip.wH,  i  •  i  .  ^  capacity,  the  over- 

lourly  production  r-fte  Thel  '  J  ,  f  f  proportionally  to  the 

lie  length  width  and  nnmh  governed  bv 

^lielvesto  the^L.  Ihe  r^'e^Lt  The  less 

shelves  per  rack,  the  greater  the  1  '  The  greater  the  number  of 

''  . . . . . .  to?  0  irS”"'!"  5 
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a  design  standpoint,  it  is  desiralile  to  have  a  pit  since  it  lacilitates  the 
loading  and  unloading  of  the  strapped  pan  from  the  molder-panner  to 
the  rack  shelves,  and  from  the  rack  shelves  into  the  oven.  Moreover, 
with  a  pit  of  adecpuite  depth,  favorable  space  is  provided  for  efficient 
distribution  and  recirculation  of  conditioned  air.  A  “pit”  as  designated 
here  means  an  area  ecpial  to  the  length  and  breadth  of  the  proofer  housing; 
it  may  be  as  much  as  40  inches  deep.  Adecpiate  drainage  is  mandatory. 

The  overall  weight  of  a  completely  automatic  rack-type  proofer,  for 
4,000  to  6,000  lbs.  per  hour,  may  be  35  tons  or  more.  A  structural  engi¬ 
neer  should,  therefore,  be  employed  to  make  a  survey  of  the  premises  to 
deteiTuine  the  load  carrying  capacity  of  an  existing  building,  or  the  need 
for  an  additional  foundation  load  capacity  to  carry  safely  the  perimeter 
concentrated  load.  In  the  event  of  a  pit,  the  wall  itself,  or  the  floor  of  the 
pit,  would  carry  the  entire  load.  The  concentration  points  of  the  load 
would  be  distributed  at  the  location  of  the  vertical  steel  supporting 
members. 


The  travel  of  the  rack  is  intermittent,  and  the  proof  time  is  adjusted  by 
loading  a  greater  or  lesser  number  of  shelves  per  rack,  or  by  adjusting  the 
time  required  for  the  loading  and  unloading  of  each  shelf.  It  is  highly 
probable  that  each  installation  will  require  special  and  individual  work 
by  the  design  engineer  to  accommodate  the  specific  oven  bake  rate  and 

the  proof  time  required. 

Mechanized  rack  conveying,  necessarily  intermittent,  should  be  without 
excessive  vibration,  shock  or  start-and-stop  impact.  As  the  dough  piece 
continues  to  proof,  the  gas  generation  and  retention  render  the  cell  struc¬ 
ture  less  stable  for  self-support.  Cell  structure  collapse  has  a  negative 
effect  on  the  quality  of  the  finished  loaf.  Certainly  in  “balloon  -proofed 
bread  any  shock  at  the  maximum  proof  state  could  be  destructive. 

\ir  ’conditioning  for  mechanized  trays  or  racks  is  identical,  in  prin¬ 
ciple  with  that  required  by  the  floor  caster  rack-type,  with  ductwork 
alterations.  Temperature  levels  are  easier  to  hold  on  the  aromatic 
traveling  type  since  the  several  door  openings  on  the  floor  proof  box  are 
eliminated.  However,  with  a  standard  floor  proof  box,  the  proofing  may 
be  observed  and  a  rack  pulled  as  required.  Several  bread  ^arietie  , 
including  sweet  goods,  may  be  proofing  at  the  same  tune  and  each  kind 
pulled  when  sufficiently  proofed,  or  when  the  oven  is  coordinated  foi 


^""^The^extra  heavy  racks  used  in  automatic  proofing  units  demand  heavier  ■ 
suLorSsteel  lumbers,  and  in  a  single  or  double-deck  design  a  tonnag 
JZ  of  steel  having  a  specific  heat  of  0.12  is  heated  to  a  -nge^of 

110°  to  120°F.  The  closed  proofing  room  has  minimum 
LfiltriLn  of  outside  air  and  it  cannot  he  cooled  rapidly.  ,t  at  all.  withoui , 


FERMENTATION  AND  PROOFING  ROOMS 


401 


elaborate  cooling  means.  Also,  there  is  a  large  proofing  area  with  ex¬ 
tended  pan  capacity.  When  switching  bread  types  or  proof  time,  and 
possibly  also  when  making  a  temperature  change,  this  mass  of  steel  can¬ 
not  lose  its  stored  heat  in  time  to  prevent  a  delay  in  production  opera¬ 
tion.  This  indicates  the  necessity  of  adding  cooling  to  heating  and  hu¬ 
midification,  but  raises  doul)ts  as  to  its  feasibility. 

Air  conditioning  for  automatic  proofing  does  then  take  on  the  character 
of  a  fermentation  room  system-heating,  cooling,  and  humidification  being 
required.  Fennentation  room  atmosphere  is  automatically  held  at  fixed 
wet  bulb  of  74°  and  dry  bulb  of  8()°F.  temperatures  constantly,  with  only 
the  wet  bulb  setting  optionally  changed  in  some  instances.  The  highest 
proofing  temperature,  at  least  up  to  this  time,  is  120° F.— a  40  degree  eleva¬ 
tion  above  normal  bakery  ambient  temperature.  Lower  dry  bulb  tem¬ 
peratures  for  different  products  or  to  take  care  of  emergencies  appear 
desirable  and,  in  exceptional  cases,  absolutely  necessary.  As  atmospheric 
dry  bulb  temperature  declines,  the  capacity  of  the  atmosphere  to  hold 
water  also  declines.  Under  this  circumstance  the  moisture,  relative  to 
the  heat,  may  become  so  high  that  a  dew  point  temperature  is  reached, 
resulting  in  the  steel,  pans,  and  dough  piece  being  lightly  covered  with 
free  water.  This  situation  is  further  aggravated  where  a  cooling  system 
is  incoipoiated  to  accelerate  the  temperature  reduction— particularly 
where  a  direct  expansion  cooler  or  chilled  water  are  used  rather  than  the 
spray  washer  method  of  cooling. 

Difficulties  occur  where  the  cooling  coil  is  located  ahead  of  the  heating 
coil  (racliator),  in  the  same  unit  housing.  A  proofing  room  mav  have  a  40 
degree  difference  between  inside  and  outside  temperatures.  ’  However 
the  cooling  coil  with  water  medium  at  3.5“^’.  or  direct  expansion  medium 

h  rt  t7  ““y  be  cooling  the  air  to  about  the  same  tempera- 

face  t  probably  been  operating  continuously  at  a 

face  temperature  from  220»F.  and  upwards.  This  cooled  air  a[  high 

^  ocity  IS  passing  through  the  heat  expanded  finned  tubes  of  the  heating 
~.l.  At  this  moment  there  is  a  rapid  contraction  of  the  finned  tube 

i jz".*ra  .“if: 

J  .vs 

fry  bulb  temperature  in  the  atmosphere°\rh°™!‘“’'^‘^ 
supplied  with  a  continuous  flow  of  steam  ’to  f  h^’sn 
hspws  heat  r^  i  ^ 

operation  of  the  steam  supply  valve  at  the  call  of  the 


he  “off”  and 


on 
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dry  bulb  thermostat.  Under  this  favorable  plan  of  heat  leveling,  the 
chilled  air  from  an  adjacent  cooling  coil  would  be  operating  against  a 
continuous  heat  output  from  a  hot  heat  coil.  Parenthetically,  it  should 
be  indicated  that  the  cooling  coil  and  heating  coil  in  a  fermentation 
room  conditioning  unit  perform  adccpiately  when  the  two  are  twelve 
inches,  or  more,  apart,  because  dry  bulb  temperature  is  only  80°  F.  and  in 
a  well  insulated  room  little  heat  loss  occurs. 

Separate  conditioning  units  should  be  provided  for  more  ideal  per¬ 
formance-one  for  cooling,  the  other  for  heating.  Two  blowers  may  be* 
used,  or  one  blower  with  a  damper  switching  arrangement,  to  channel  I 
the  air  to  whichever  unit  requires  it. 

The  simplest  method  for  quickly  removing  sensible  heat  from  an  en-- 
closure  is  to  locate  a  sufficiently  large  exhaust  fan  in  an  opening  in  one  end  I 
of  the  room  and  an  adequately  sized  free  opening  in  the  wall  at  the' 
opposite  end.  To  applv  the  principle  to  a  proofing  enclosuie  with  ai 
temperature  of  110°  to  120°,  the  incoming  air  is  channeled  through  a« 
“spray  washer”  to  eliminate  foreign  particles  and  obtain  evaporative, 
cooling.  The  extent  to  which  the  incoming  air  is  cooled  is  dependent  on 
the  outside  wet  bulb  temperature,  the  number  of  spray  banks,  and  the. 
number  of  gallons  of  water  per  minute  per  spray  bank.  The  efficiency  fon 
one  bank  is  65  per  cent,  two  banks  80  per  cent,  and  three  banks  90  pen 
cent.  The  air  washing  principle  is  used  in  many  different  applications. 
In  dry  atmospheric  areas  of  the  country,  air  washers  for  evaporative: 
cooling  easily  provide  low  degree  results.  On  the  contrar>%  the  high 
humidity  areas  such  as  Miami,  New  Orleans,  and  Washington,  D.  C.,. 
require  superior  design  talent  to  obtain  acceptable  temperature  reduction. 

by  evaporative  coolers. 

Passing  air  through  a  washer  will  saturate  the  effluent  air  at  the  entering, 
wet  bulb  temperature;  there  is  no  change  in  total  heat  of  the  air  Within, 
the  air  washer  there  is  an  exchange  of  heat  between  sensible  heat  anU. 
latent  heat.  Air  leaving  the  air  washer  at  lower  temperatrnes  saveeps 
through  the  duct  system  into  the  heated  space  of  the  final  proofer  .  • 

picks  up  the  heat  rapidly,  thereby  lowering  the  space  . 

l-elative  hu.nidity  of  the  space  will  only  he  shghtly  , 

„f  the  volume  of  the  internal  space  heat  to  he  absorbed.  In  tins  app 
cation  temperature  would  be  lowered  by  conveet.on  .1  there  we  e 
air  washer  the  mere  volume  of  air  would  act  as  a  simple  vent  atinp 
system.  The  air  supply  in  a  duct  passing  through  a  P;,. 

up  heat  before  reaching  the  heated  space,  ^  ™ 

densation  will  result  and  insulation  is  indicated.  High  an  duct 
will  assist  in  keeping  temperature  losses  at  a  minimum. 

A  washer  is  required  to  free  the  air  from  dust  and  fo.cign  p. 
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The  air  stack,  througli  wliich  tlie  outside  air  is  brought  iu,  re((uires  a 
screen  at  the  top  opening  to  prevent  birds  and  insec'ts  from  being  sucked 
into  the  washer. 

Use  of  air-cooling  facilities  in  a  final  proofing  enclosure  has  not  had 
sufficient  time  to  establish  its  value.  Several  cooling  installations  have 
been  made  principally  for  changing  temperature  as  rapidly  as  possible 
when  an  emergency  “shut  down”  in  production  occurs.  In  addition,  the 
washed  air  method  appears  to  be  the  most  effective  method  of  any  likely 
to  be  used  for  cooling  proof  rooms.  One  automatic  traveling  final  proofer 
has  been  cooled  by  the  direct  expansion  method,  i.e.,  via  a  refrigeration 
compressor  and  its  components.  However,  insufficient  time  has  elapsed  to 
prove  its  feasibility. 

There  are  pertinent  questions  that  should  be  asked:  ( 1 )  To  what  de¬ 
gree  should  cooling  extend.^^  (2)  How  effective  is  cooling  in  obtaining 
beneficial  results?  (3)  Are  the  results  obtained,  if  any,  worth  the  cost? 
(4)  With  two  categories  of  cooling  to  choose  from,  should  the  proofing 
rate  be  “arrested”  totally  or  merely  “retarded”?  This  application  is  akin 
to  that  of  a  “dough  holding  room”  where  dough  is  to  be  held  in  an 
arrested  condition  over  a  week  end,  beginning  with  a  temperature  of 
80°F.  and  bringing  it  down  to  45°F.  a  reduction  of  35°F.  In  this  instance 

'’r  “  ""mber  of  Houghs  of  dough  and,  instead 

Of  8,000  lbs.  of  dough  to  contend  with  as  in  a  final  proofer,  the  holding 

room  may  have  80,000  lbs.  of  dough.  There  exists  some  experience  in  this 
held  and  when  related  to  the  final  proofer,  serious  doubt  has  been 
expressed  as  to  the  possibility  of  finding  a  favorable  solution  for  proofin<T 
rooms.  Of  course,  some  intermediate  aid  may  be  possible. 

the  fomentation  in  a  given  size  dough  pieee,  involves  bringing 

he  interior  of  the  dough  piece  to  temperature  at  which  yeast  cells^are 
mre  mac  ive.  east  is  held  m  storage  between  40°  and  50°F  ind 

xhib.ts  very  little  activity  at  these  temperatures.  It  therefore  billow 
hat  the  dough  piece  m  process  of  proofing,  initiallv  in  an  atmosphere  at 

‘1,3 45‘riftl“  "’“f  ’  to  foHpera- 

ihasp  1  '  ‘  piece,  a  drop  of  70  degrees  This 

phase  alone  presents  a  stupendous  problem  of  cooling  HowLer  'thl 

-'r"  A 

ample  calculation  based  on  a  dough"  Wd  oZ'l  (loo’ll""'*"''  " 

hflerential  of  75  degrees,  and  specific  heat  tf  dotSH  0  88  " 

If  44  tons  of  refrigeration  pe,  hour  is  found  To  le  “y'f““'®‘"ent 
ary  cooling  to  “arrest”  fennpniif  •  i  •  °  accomplish  the  neces- 

~ .!» -‘i  i™. 

. . .  . . .  111: 
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steel  and  the  atmosphere  to  cool.  From  a  cost  and  operational  standpoint 
it  wonld  appear  that  “arresting”  proofing  is  totally  ont  of  the  question. 
In  any  event,  the  application  is  of  theoretical  benefit  only,  when  an  emer¬ 
gency  arises  and  the  dough  is  held  in  the  proofer  for  an  indetermi¬ 
nate  period  of  time  until  repairs  were  made  and  then  the  proofing 
continued. 

The  “retarding”  of  the  proofing  rate,  by  reduction  of  temperature,  when 
a  change  in  product  type  and  proofing  time  is  desirable,  is  possibly  a 
more  practical  and  effective  process,  yet  doubtful.  Supposing  a  run  of 
one  tvpe  of  dough  at  a  temperature  of  120°F.  for  a  70  minute  ]3roofing 
period  has  been  completed  and  the  next  run  of  product  is  to  be  at  100°F., 
a  reduction  of  only  20  degrees  is  recpiired.  Obviously,  the  reduction 
temperature  and  period  should  be  equal  to  the  product  change-over  time 


interval,  say  ten  minutes. 

Again  calculating  on  the  basis  of  the  dough  weight  then  in  the  proofer 
and  not  considering  the  other  factors  such  as  steel  and  atmosphere,  the 
refrigeration  load  would  be  but  twelve  tons  if  the  cooling  were  to  he  • 
accomplished  in  one  hour.  However,  the  ten  minute  period  is  six  times . 
faster,  so  there  is  need  for  72  tons  of  refrigeration  for  the  doii^h  onhj. 

The  only  reason  for  elevated  proofing  temperature  is  to  shorten  proofing ; 
time.  It  has  been  stated  that  60  per  cent  of  the  total  fermentation  takes  ; 
place  in  the  proof  box  and  if  this  is  true  it  should  direct  attention  to  the- 
several  facets  of  final  proof  performance,  particularly  as  related  to  high-- 
speed  automated  equipment.  For  several  years,  a  dry  bulb  temperature* 
of  98°F  was  accepted  and  practiced;  then  a  transition  period  (which  is- 
still  in  effect)  occurred  when  steps  from  98°  to  110°F.  became  popu  ar;: 
and  now  we  have  several  ranges  up  to  and  including  120  F.  Each  higieu 
step  brought  its  own  special  problem,  just  as  higher  output  equipmen 
brought  technical  problems.  Whatever  the  problems  may  be,  we  cannot  I 
quarrel  with  economic  and  technical  progress,  which  appear  inevitable, 
anyway.  However  we  have  equipment  of  today  with  which  to  contend.. 

From  the  foregoing  it  would  appear  conclusively  that  the  time  lequirec 
for  effective  cooling  eliminates  its  application.  First  the 
p,obal,ility,  if  not  impossibility,  of  proviclmg  sufficient  heat  tiansf 
refrigeration  for  iiuleterminate  periods  wlien  emergency  down  time 
oclr^  in  production  and  wlien  a  power  failure  halts  all  ntechan.ca  o,mrm 
tion-including  refrigeration.  Second,  it  would  also  seem  dilficiil 
obtain  snlficiett  cooling  to  lower  materially  temperature  between  urns 
difle^nt  Jy^e:"  f  dougt;  the  time  factor  alone  eliminates  the  opportunity 

for  beneficially  reducing  temperatuie. 

Automatic  proofers  and  ovens  should  be  equipped  'v 
or  mechanical  auxiliary  power  (e.g.,  a  gasoline  engine) 
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!  in  case  of  power  failure.  The  auxiliary  power  supply  may  not  permit 
i,  ideal  operation  but,  at  least,  the  dough  in  both  the  oven  and  proofer 
could  be  saved.  It  is  no  small  saving  of  labor  and  cost  to  avoid  cleaning 
dough  from  pans. 

Since  it  is  more  feasible  to  heat  air  gradually  than  to  transfer  heat 
rapidly  by  refrigeration  to  cooler  temperature,  it  is  desirable,  where 
production  permits,  to  run  the  doughs  requiring  lower  proofing  tempera¬ 
tures  first  and  then  to  progressively  raise  the  temperature  and  schedule 
other  type  doughs  accordingly. 


Proof  Box  Operating  Instructions 

Start-up.— Have  operating  steam  pressure  near  15  p.s.i.g.  Turn  on 
blower  and  master  control  switches.  Maintain  bakery  at  75°  F. 
minimum.  Avoid  cold  drafts  over  box;  close  doors  quickly.  Use  humidity 
cutout  switch  when  preheating. 

Preheating.— Allow  30  minutes  minimum  to  warm  steel,  panels  and 
floor.  Obviously,  a  cold  bakery  will  cause  more  time  to  be  required  for 
preheating  the  proof  box  than  will  a  warm  bakery. 

Rack  Loading  Method.— Enter  racks  across  box.  Repeat,  moving 
previous  rack  foiAvard  one  length  only.  Uniform  proofing  will  not  be 
obtained  otherwise.  Do  not  load  one  lane  full  at  a  time  in  bo.xes  over 
one  rack  deep.  (This  paragraph  does  not  apply  to  automatic  types  ) 
Ma.ntenance.-(l)  Maintain  uniform  steam  pressure  at  1.5  psig 
yljust  by-pass  vadve  at  DB  heat  valve  to  radiator  and  leave  open  at  all 
inies  to  keep  radiator  hot,  and  to  carry  major  steam  supply,  leaving  auto- 

imt.c  valve  for  top- evel  control.  (2)  Clean  steam  strainer  monthly.  (.3) 

Keep  unit  hd  and  cleanout  slides  tightly  closed.  (4)  Avoid  leaving  doors 
open  unnecessarily  (.5)  Avoid  cold  drafts  from  doors,  windows  skv- 

tiS  M  m  Tf’  manufacturer’s  InMruc- 

i ,i™:s,7;rsrz  ;ts  ::s,r  r?  S: 

!  radiator  fins,  strainers,  traps  monthlv  /QW  il 

iS  tr™  ra,«  7  Sr’  r ' 

I  assemblies  first-then  write  in  det  ,  I  t  f  ‘'"’‘I 

l-n  is  retpiired.  HaVe  t  ^ 

I  Temperature  Control  Apparatus 
I  Control.— The  word  “control”  li  ,.-  i  i 

blominate,  subdue,  restrain  check  CiVb  n  7  "difect,  master, 

j«>-c.e,  manage,  anti  .gtna^n  ’  U  .  ;  S  -S«late. 

: . . . .  1^7  7 
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temperature,  raising  or  lowering  humidity,  and  directing  the  distrihution 
of  air  to  obtain  a  desired  atmospheric  environment  favorable  to  dough 
processing.  The  human  body  is  a  complicated  mechanism  and  nature 
has  implanted  a  control  which  will  adjust  a  heat  balance  through  a  wide 
range  of  external  conditions.  When  the  external  atmospheric  conditions 
rise  above  the  body  surface  temperature,  the  body  heat  loss  is  restricted, 
and  the  body  sweat  glands  then  go  into  action  to  maintain  the  heat 
balance  by  evaporation  of  perspiration.  As  long  as  the  evaporation  and 
resultant  latent  heat  loss  are  adequate  to  maintain  the  heat  balance,  the 
body  will  “control”  normally. 


Return  air  elbow 


Fig.  84.  Fehmenta  i  ion  Room  Dugtwcihk 


The  proof  box  control  equipment  is  analogous  only  to  the  cyent  that 
the  human  hoclv  ami  a  proof  box  are  enclosed;  both  are  >>' 

external  conditions.  Atmospheric  temperature  cannot  he  ynholecy 
except  within  an  enclosed  space.  The  type  of  eonstn.ction  enclosing  he 
space  is,  in  itself,  a  controlling  temperature  factor.  Design  and  eomhim 
tioii  must  include  control  instrumentation  in  order  to  gam  ‘ 

tore  reactions  desired.  A  correct  interpretation  of  the  psychiome 
chart  reveals  the  reactions  the  control  must  regulate. 

Instrumentation.-A  thin  column  of  inercuiy  md' 

thermometer.  Insert  wire  contact  into  the  bore  of  the  hermometei  ■ 
”0  a  temperature  sensitive  switch,  reacting  syren  the  my  1  • 

n-ses  or  fails.  A  low  milliamp  current  pas.mig  through  ‘  , 

a  rel  iv  to  open  or  close,  and  this  relay  tiirmshcs  the  laigci  ‘ . 

. .  « 

thermostats  utilize  sensing  elements  made  of  t 
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different  eoeffieients  of  expansions.  Clianges  in  temperature  cause  move- 

It  of  the  differences  in  the  extent  of  ex- 


ment  of  the  element  as  a  resu 
pansion  or  contraction  of  tlie  two  substances 


A  liumidostat  is  an  apparatus  for  olitaining  a  reaction  from  changes  in 
the  moisture  content  by  hygroscopic  substances  such  as  paper,  wood, 
skin,  or  human  hair,  which  stretch  when  wet  and  contract  when  diy. 


The  moisture  content  of  the  atmosphere  governs  the  extent  of  stretch  or 
contraction,  and  energizes  a  relay  at  the  per  cent  of  relative  humidity 
desired.  A  liumidostat  is  not  as  reliable  or  accurate  as  a  wet  bulb 
mercury  thennostat  with  a  wick  on  its  bulb,  from  which  air  evaporates 
water  to  an  extent  dependent  on  the  concentration  of  water  vapor  in  the 
atmosphere.  Mercury  contracting  thermostats  are  extremely  sensitive 
and  may  be  provided  with  multiple  contacts  and  calibration  by  degrees. 

Wet  and  Dry  Bulb  Thermostats  are  physically  alike  except  that  the 
calibrations  of  the  degree  marks  are  different.  The  degree  marks  are 
set  to  the  temperature  differentials.  Examples  of  differentials,  and  the 
corresponding  relative  humidities  and  dew  points,  are  charted  later  in 
this  chapter. 

The  dry  bulb  thermostat  is  operated  as  is;  the  wet  bulb  thermostat 
requires  a  wick  over  its  bulb.  The  free  end  of  the  wick  is  suspended  in  a 
well  of  clean  water.  The  entire  wick  is  kept  wet  by  capillary  attraction. 
The  water  supply  to  the  wet  bulb  well  should  be  at  the  conditioned  room 
temperature.  Colder  or  hotter  water  will  alter  the  reading.  Distilled 
water  or  cooled  condensate  from  the  heating  coil  is  preferred  since  it  is 
free  from  foreign  matter  and  mineral  salts.  However,  to  cool  or  temper 
the  condensate  to  the  desired  degree,  15  to  25  feet  of  V/4-inch  O.D.  copper 
tubing  IS  used;  the  major  portion  of  the  tube  must  be  located  within  the 
conditioned  room,  or  in  the  return-air  stream.  The  wick  should  be 
changed  for  each  48  hours  of  service.  A  repeatedly  washed  wick  is 
better  than  a  new  wick,  since  the  natural  oil  in  cotton  fabric  is  graduallv 
e  iminated  by  washing,  ft  is  difficult  to  obtain  cotton  tubing  without  its 
iiatuial  oil.  The  slightest  oil  present  repels  water. 

A  stream  of  air  with  a  velocity  of  about  600  feet  per  n.inute  causes  the 
«atei  he  d  by  the  wick  to  evaporate  to  obtain  the  lowest  wet  bulb  depres- 
siou,  or  lowest  temperature.  This  reflects  the  moisture  content  of  the 
atmosphere,  in  degrees,  in  the  most  exact  manner.  The  accuracy  may  be 

tam  T'l  ’“’P conditions  or  neglect.  An  unclean  wick  Ln 
amimited  with  silt  or  mineral  deposits,  retards  evaporation.  Low  ve¬ 
locity,  or  even  high  velocity,  of  air  over  the  wick  will  alter  its  abiiTtvT 

bnirthe^LSSiv::!  "if  beitecr;:u, 

'>-we.cd.  Some  authorities  have^SiltlS  ^ 
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live  liLiiniclity  is  correct  for  pan  proofing.  Assuming  a  dry  ])nll) 

temperature  at  95  per  cent  relative  Immidity,  a  wet  hull)  of  1()8.5°F.  would 
he  established.  One  cubic  foot  of  air  at  this  combination  would  hold  in 
suspension  25  grains  of  water.  However,  the  dew  point  temperature 
would  be  108. 2°F.  only  1.8  degrees  away  from  “rain.”  This  example 
emphasizes  that  too  many  people  are  ready  to  accept  figures  resulting 
from  poorly  conceived  methods  and  premises. 

Wet  Bulb  Air  Velocity  problems  may  arise  from  the  manner  and  cir¬ 
cumstances  of  providing  the  air  and  directing  its  velocity.  If  the  fan 
blade  is  mounted  on  a  motor  shaft,  the  air  should  be  sucked  over  the 
wick  rather  than  blown  onto  it.  This  is  to  prevent  heat,  which  is  radiated 
from  the  motor,  having  an  influence  on  the  water  evaporation  from  the 
wick.  The  fan  blade  and  the  motor  should  be  separated  by  sufficient 
insidation  to  prevent  heat  transference.  The  thermostats  may  be  mounted 
with  their  bulbs  inserted  in  the  return  air  duct,  providing  the  normal 
air  velocity  is  close  to  6(K)  feet  per  minute. 

.Alternate  Thermostatic  Means.— There  are  many  other  control  means 
available,  but  none  of  them  can  equal  the  accuracy  of  the  mercury  bulb 
themiometer  type.  Data  are  obtainable  from  many  sources  on  the  various 
types  of  control  apparatus.  The  detail  necessary  to  describe  the  entire 
category  would  occupy  more  space  than  justified. 

Circuity  is  of  extreme  importance  in  controllability  of  temperatures  and 
the  resultant  relative  humidity.  Let  us  use  a  proof  box  for  an  example, 
because  it  is  more  difficult  to  avoid  a  dew  point  here  than  it  is  in  a  fermen¬ 


tation  room.  First,  it  is  of  higher  temperature  and  humidity  than  a 
fermentation  room.  Second,  more  abnormal  incidents  occur  to  thwart 
proof  box  control.  As  pointed  out  previously,  a  drop  from  normal  steam 
pressure  and  volume,  or  even  a  fluctuating  pressure,  is  a  recurring  pos¬ 
sibility.  Only  automatically  correcting  circuity  can  accomplish  what  the 
thermostat  itself  cannot  do.  We  have  two  temperature  control  methods  to 
begin  with,  both  of  which  are  in  current  use  on  manufactured  proof 
boxes.  One  is  the  “fixed”  dry  bulb  with  the  wet  bulb  differential  un¬ 
changeable.  The  other  allows  the  operator  to  change  both  dry  and  wet 
bulb  setting  to  whatever  differential  is  chosen.  The  point  in  question  is 
what  happens  when  either  method  is  not  maintained  because  of  the 

steam  crisis.  .  ..in 

For  instance,  a  dry  bnlb  thermostat  has  five  fixed  settings;  tlie  wet  hull) 

has  5  or  10  settings,  with  a  differential  of  six  degrees  (and  nine  degrees 

optional ),  pins  a  “no  humidity”  setting.  These  differentials  are  fixed  and 

cannot  he  altered.  The  special  feature  of  this  system  is  that  it  provides 

automatic  protection  against  overritling  luimidification,  in  the  event  steam 

pressure  accidentally  .Imps  to  a  low  level.  If  the  operator  pre.set  the 
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control  for  110°F.  and  then  the  temperature  dropped  under  11()°F.  because 
of  too  many  open  doors,  or  steam  pressure  failure,  the  wet  bulb  control 
elements  would  automatically  switch  to  the  next  three-degree  lower  wet 
hulb  setting— namely,  101  °F.— corresponding  to  the  107°F.  dry  bulb. 
Thus,  the  heat  and  humidity  tend  to  establish  the  desired  six-degree 
differential  in  spite  of  temperature  drops.  However,  on  the  return  rise  in 
heat,  the  humidity  is  prevented  from  coming  on  until  within  three  degrees 
of  the  dry  bulb  contact  or  temperature,  again  preventing  over  humidifica¬ 
tion.  In  the  event  the  heat  kept  right  on  lowering  past  other  degree 
contacts,  the  wet  bulb  would  automatically,  step  by  step,  stay  three 
degrees  below  the  changing  dry  bulb  contact.  In  brief,  the  differential 
between  dry  bulb  and  wet  bulb  is  maintained  in  three-degree  steps 
between  101°  to  11()°F.  dry  bulb.  The  same  reaction  continues  where  the 
top  dry  bulb  temperature  is  120°F. 

Controlling  the  temperature  in  a  fermentation  room  is  treated  somewhat 
differently  because  then  we  deal  with  heating,  cooling,  and  humidification; 
requiring  sensitive  and  accurate  controls  to  maintain  prefixed  wet  and 
dry  bulb  temperatures  in  three  phases. 


1  ABLE  70 

PROOF  BOX  CONTROLLED  TEMPERATURE  SYSTEM  EXAMPLE 

fable  of  Dry  and  Wet  Bulb  Settings  and  Relative  Humidities 


Dry  bulb  setting,  °F. 

Wet  bulb  setting,  °F. 

Relative  humidity,  per  cent 
Alternate  W.B.  setting,  °F. 

Alternate  relative  humidity,  per  cent 


98 

101 

104 

107 

92.5 

95.5 

98 

101 

81 .3 

81  .8 

80.7 

81.8 

92.5 

95.5 

98 

72 . 7 

73.3 

72.5 

no 

104 

81.5 

101 

73.1 


Lower  relative  humidity,  as  indicated  in  Table  70  by  the  alternate  wet 
u  b  settings  and  resultant  relative  humidities,  is  available  by  a  three- 
position  toggle  switch;  on  center  position  all  humidity  is  cut-off  The 
lower  humidity  IS  preferred  for  use  with  silicone  coated  pans  or  glazed 

bulV^niii”  ^.^Xs^ro^lumShw'  ™rTe'tthrL":^fen  17'  7 

a  WrstaTteZrr"'' -  -1^-’ 

'■locked  out”  until  the  previlusE  sdec'ted  X 

Thus,  an  undesirable  dew  point  ami  heXc  ‘'“'"P'-'-ature  is  reached, 
aiitomaticallv  avoided  The  lir  h  t  accompanying  condensation  are 

panels;  the  thennostat  reHects  thrX  T" 

equals  it.  ‘  ^iiiperature  only  until  the  steel 
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Low  heat  protection  is  automatic  in  tliis  control  system.  When  steam 
pressure  or  volume  is  below  recommendation,  or  when  bakery  tempera¬ 
ture  is  below  75° F.  and  dry  bulb  temperature  drops  three  degrees,  the 
next  lower  wet  bulb  contact  takes  over  automatically,  reducing  relative 
humidity  and  preventing  condensation  or  “sweating”  on  the  interior  panel 
surface.  When  normal  steam  supply  is  restored,  or  when  temperature 
rises,  the  wet  bulb  control  automatically  returns  to  its  original  setting. 

Automatic  Steam  Valves  are  actuated,  through  a  relay,  by  a  thermo¬ 
stat  to  open  when  steam  is  required  for  heating  and  humidification  and 
they  are  usually  spring-loaded  for  closing.  Each  type  of  valve  has 
its  advantages  and  disadvantages;  the  selection  must  be  made  in  view  of 
the  purpose  it  is  to  fulfill.  The  solenoid  type  has  the  advantage  of  being 
packless,  but  has  the  disadvantage  of  steam  overheating  its  magnetic  coil 
and,  also,  of  leaking  into  the  armature  tube,  thus  shorting  the  coil.  Open¬ 
ing  and  closing  are  fast  with  this  type  of  valve,  avoiding  underriding  and 
overriding  heat  or  humidity.  There  is  no  perfect  solenoid  type  steam 
valve.  Perhaps  there  is  no  perfect  valve  of  any  type  because  they  all 
require  close  attention  and  maintenance.  Motorized  valves  require 
several  seconds  to  open  and  close.  They  require  packing  and  the  usual 
attention  wherever  packing  glands  are  found.  The  motor  has  a  better 
chance  against  overheating  since  it  can  be  ventilated.  Modulating  valves 
are  workable  with  steam  for  heating,  but  because  there  is  no  reliable 
humidity  sensing  element  that  will  operate  successfully  in  proof  box 
atmosphere,  it  is  unwise  to  use  them. 


THE  FERMENTATION  ROOM 

Room  Enclosure 

An  air-conditioned  room  must  be  of  such  construction  that  it  excludes 
unwanted  temperature  influencing  media  and  retains  within  the  room  the 
wanted  temperatures.  To  accomplish  this  goal  a  room  should  be  built 
with  steel  structural  members  which  support  insulated  steel-covered 
panels.  This  room  should  be  made  as  airtight  as  possible  to  prevent  loss 
of  heat  from  within  and  to  exclude  heat  gains  and  infiltration  from 
without.  The  floor  area  is  of  such  dimension  that  it  accommodates  the 
number  of  troughs  of  a  capacity  required  to  satisfy  the  production  rate 
of  the  bakerv.  Heat  accumulates  from  warm  floors,  walls,  equipment, 
motors,  people,  troughs,  dough,  light  bulbs,  and  infiltration.  ';f'he  de¬ 
signer  has  control  over  these  heat  gains  only  to  the  extent  he  can  insulate 
The  total  qiiantitv  of  chilled  air  to  be  siipplieil  to  the  conditionei  roomj 
determined  solely  by  its  internal  sensible  heat  gains.  The  en  ,re  basis  fm 
the  design  of  the  air-conditioning  .system  rests  on  the  calculation  .1 
heat  gains.  The  survey  of  the  premises  and  the  calculations  must  be  made 
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Temperature  Pressure  Chart 


Vacuum--Shaded  Figure 
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with  cai'G  and  accuracy.  1  rilclv  stated,  uudersi'/(‘d 
systems  are  never  satisfactory;  oversized  systems  are  to 


air-couditioiiinjT 
l)e  avoided. 


Location  Liabilities 

1  he  fermentation  room  must  be  located  between  tlie  mixer  and  a  point 
where  the  sponge  can  get  back  to  the  mixer  and  the  dough  can  get  to 
the  dough  cliiite  and  into  the  divider.  Perhaps  only  in  a  newly  designed 
bakery  can  each  piece  of  equipment  be  ideally  located.  In  any  event,  the 
fermentation  room  exterior  should  not  be  exposed  to  heat  from  an  oven, 
to  sun  heat  through  a  roof,  or  to  a  large  glass  area  in  a  west  or  north 
building  wall.  The  western  sunload  at  4:00  p.m.  can  be  the  peak  load 
for  the  cooling  system,  necessitating  a  larger  investment.  Generally, 
windows  parallel  with  adjacent  fermentation  room  walls  should  be 
bricked  in,  insulated,  and  sealed  against  outside  elements.  It  costs  money 
to  heat  more  than  is  necessary  and,  equally,  to  cool  an  area  from  a  high 
temperature  down  to  80° F.  In  many  existing  bakeries  there  is  no  choice 
concerning  the  most  favorable  location  of  the  fermentation  room,  if  the 
building  walls  must  be  a  part  of  the  fermentation  room. 


Insulation 


A  definite  key  to  the  required  capacity  of  the  conditioning  unit  lies  in 
the  amount  of  insulation  used  in  the  walls,  ceiling,  and  sometimes  the 
floor.  The  better  the  insulation  used  in  the  room,  the  less  cooling  capacity 
from  the  cooling  coil  is  required.  If  more  and  better  insulation  is  used  in 
the  construction  of  the  room  itself,  less  evaporator  temperature  is  required 
and,  therefore,  less  dehumidification  occurs.  If  we  dehuinidih'  less,  we 
also  need  to  humidify  less.  If  we  spend  more  for  insulation,  we  spend 
less  for  conditioning  equipment  and,  at  one  and  the  same  time,  improve 
the  controllability  of  the  room. 


Height 

A  prevailing  belief  among  the  uninitiated  is  that  the  lower  the  feimen- 
tation  room  ceiling  height,  the  easier  the  job  of  maintaining  proper  tem¬ 
perature  and  humidification  because  the  volume  of  the  room  is  less. 
This  might  be  true  generally,  but  is  a  fallacy  in  fermentation  room  design. 
High  air  velocity  has  a  marked  drying  effect  on  dough.  More  height  is 
a  distinct  advantage  because  it  permits  dispersion  of  the  air  and  permits 
additional  air  changes  required  to  obtain  the  necessary  cooling. 


Temperatures 

A  Koocl  air-conclitioniiis!;  .system  should  positively  eircidate  air  and 
provide  heat,  moisture,  and  refrigeration  to  the  air  in  sufficient  ({iianti  les 
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to  enable  the  maintaining  of  a  dry  Imlb  temperature  of  8()°F.,  plus  or 
minus  one  degree  and  a  relative  humidity  of  75.7  per  eent,  plus  or  minus 
one-half  of  one  per  cent,  and  it  should  maintain  these  specified  conditions 
at  all  seasons  of  the  year. 


Humidification 

For  a  fermentation  room  there  should  be  two  separate  systems.  One 
system  cools  or  heats  the  recirculating  air  to  maintain  the  80  degree  dry 
bulb  temperature.  The  other  provides  moisture  to  maintain  the  relative 
humiditv  at  75.7  per  cent.  When  the  wet  bulb  thennostat  causes  moisture 
to  be  injected,  a  certain  amount  of  evaporation  occurs,  dropping  the  dry 
bulb  temperature  of  the  atmosphere  as  much  as  three  degrees.  Where  the 
thennostatic  control  is  sufficiently  sensitive,  the  momentary  cooling  effect 
will  cause  the  heating  coil  to  react  to  restore  the  heat,  if  required.  When 
the  water  supplied  for  humidification  is  the  same  temperature  as  the  room 
atmosphere,  superior  results  are  obtained. 


Dehiimidification 

It  is  neither  economically,  nor  atmospherically,  desirable  to  dehumidify 
the  air  in  a  fermentation  room.  Flowever,  the  cooling  coil  condenses 
moisture  out  of  the  air  to  an  extent  dependent  on  the  temperature  of  the 
coil.  The  excessive  elimination  of  moisture  from  the  atmosphere,  passing 
through  the  coil  face  area,  causes  the  humidifying  system  to  operate  more 
nearly  continuously  to  restore  the  cyclically  eliminated  water.  A  normal 
fermentation  room  will  have  six  air  changes  per  hour;  therefore,  the  cubic 
feet  of  air  in  the  room  will  pass  through  the  cooling  coil  six  times  an  hour. 
In  a  room  with  ceiling  height  greater  than  eight  feet,  the  volume  in¬ 
creases  for  the  same  floor  area,  and  more  air  changes  per  hour  are  per¬ 
missible.  In  the  event  the  cooling  load  is  above  normal,  this  condition 
will  prove  of  advantage  since  the  velocity  through  the  cooling  coil  nru’ 
be  increased,  and  so  more  B.t.u.  obtained  at  a  lower  discharge  tempera¬ 
ture,  thus  decreasing  the  elimination  of  water. 

Air  Distribution 

The  rec^onditioned  atmosphere  should  be  released  to  the  room  and 
c  istnbutecl  equally  to  prevent  drafts  or  stratification.  The  number  and 

“shlikl  f  ""f  "f  ‘he  room.  In  no 

-0.  af  the  same  time,  obtainiu,  snlfreient  an-  ::i;::t;tr:hr:o5";';; 
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transfer  heat  at  a  rate  sufficient  to  maintain  room  temperature  at  80° F. 
In  comfort  conditioning  the  engineer  provides  a  coil  and  air  velocity  to 
obtain  the  necessary  cooling  or  heating;  letting  the  number  of  air  changes 
be  what  they  will.  However,  the  designer  for  fermentation  conditioning 
requires,  also,  a  knowledge  of  bakery  processing. 

Air  Washer 

It  is  our  belief  that  the  spray  air-washer  evaporative  type  of  condition¬ 
ing  is  detrimental  to  the  fermentive  process.  So-called  “fresh  air”  is 
continuously  introduced  through  the  washer  and  into  the  fermentation 
room.  The  expelled  air  continuously  removes  carbon  dioxide  as  rapidly 
as  it  is  released  from  the  dough. 

Carbon  Dioxide 

The  influence  of  carbon  dioxide  should  be  discussed  in  more  detail. 
Since  carbon  dioxide  is  one  and  one-half  times  heavier  than  air,  a  blanket 
of  gas  (generated  by  the  yeast)  lies  over  the  dough  surface  until  tlie 
dough  rises  to  the  top  of  the  trough.  Then,  the  gas  spills  to  the  floor  level 
or  to  the  previous  top  level  of  the  gas  itself.  This  gas  has  a  beneficial 
effect  on  fennentation.  However,  if  the  surrounding  atmosphere  is 
permeated  with  carbon  dioxide,  breathing  becomes  difficult  for  the  per¬ 
sonnel  who  must  enter  the  room.  This  situation  is  easily  remedied  hy 
providing  an  opening,  say  ten  inches  in  diameter,  in  the  room  doors,  at  a 
level  a  little  higher  than  the  highest  trough.  This  method  permits  the 
gas  to  flow  to  the  outside  at  this  level  and  prevents  it  from  rising  to  the 
iireathing  level.  Moreover,  it  eliminates  bringing  in  outside  air,  which 
would  lower  the  concentration  of  the  carbon  dioxide. 


Conditioning  Unit 

The  air-conditioning  components  may  be  assembled  in  a  relatively  small 
housing,  which  should  be  made  of  stainless  steel  in  all  instances.  The 
radiator  and  the  cooling  coil  may  be  located  in  the  same  housing,  about 
twelve  inches  apart,  the  most  preferable  distance  depending  on  the 
relative  face  area  of  each.  Sometimes  a  damper  is  installed  to  divei4  the 
air  stream  over  one  or  the  other  of  the  coils,  as  either  is  activated.  How¬ 
ever,  since  the  radiator  face  area  is  smaller  than  the  face  area  o  t  ie 
cooling  coil,  and  since  the  room  reiiuires  considerably  less  heating  tun 
cooling,  it  would  appear  that  dampers  are  not  wTirth  their  cost.  The 
cooled  air  temperature  is  so  comparatively  moderate  that  coil  H.t  • 
capacity,  whether  from  chilled  water  or  Freon-12  cooling  mec  iin  , 
clenia.Kls  calculated  consideration.  All  the  cooling  ^ 

little  dehumidification  as  possible,  is  the  objective.  A  bo\^c 
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determined  by  calculation  to  obtain  the  desired  velocity  at  the  static 
pressure  of  the  system.  The  blower  rims  continuously;  the  heating  oi 
[pooling  functions  intermittently,  subject  to  the  call  of  the  thermostatic 
controls. 

The  Pstjchrometric  Chart  is  a  fundamental  and  comprehensive  tool 
:or  the  use  of  the  air-conditioning  engineer;  and  with  it  he  can  obtain 
he  complete  solution  to  an  air-conditioning  problem  involving  heating, 
uimidifying,  cooling  and  dehumidifying,  evaporative  cooling,  chemical 
-Irying,  mixing  air  under  different  conditions,  preheating,  reheating, 
rooster  heating,  or  by-passing,  or  any  combination  of  these.  However,  the 
.'hart  cannot  solve  the  technology  of  fermentation.  The  engineer  needs 
0  know  the  technical  fundamentals  of  air  conditioning,  plus  equal  techni- 
,'al  fundamentals  of  bakery  practice— particularly  those  involved  in  the 
ermentive  process. 


ESTIMATING  THE  REFRIGERATION  HEAT  LOAD 
The  amount  of  heat  that  the  evaporator  or  cooling  coil  must  absorb,  the 
efrigerant  must  carry  away,  and  the  condenser  must  dissipate,  is  called 
he  heat  load.”  The  heat  that  is  in  the  fermentation  room,  and  must  be 
emoved,  constitutes  the  heat  load  and  comes  from  several  sources: 


(A)  The  heat  that  leaks  through  the  walls,  floor,  and  ceiling  of  the 
room. 

(B)  The  heat  from  the  movable  contents  of  the  room;  from  the  doughs 
and  sponges,  which  rise  in  temperature  as  a  result  of  the  fermen¬ 
tation  process;  and  from  the  steel  troughs. 

(C)  The  heat  given  off  by  electric  lights;  by  the  motors  and  other 

electrical  devices;  and  by  the  people,  when  they  are  within  the 
room. 

(D)  The  heat  entering  the  room  via  infiltration,  mainlv  as  a  result  of 
the  opening  and  closing  of  doors.  (The  heat  load  is  increased 
considerably  where  the  production  superintendent  insists  that 
the  door  remain  open,  or  that  no  door  be  provided. ) 

(E)  The  heat  that  must  be  removed  from  the  air  to  cool  it,  and  mois- 

ure  from  condensation  on  the  evaporator  or  coil.  (Since  the 
room  atmosphere  relative  humidity  is  held  at  a  high  percentage 
le  evaporator  should  not  be  any  colder  than  actually  require!.) 

Heat-leakage-load  is  dependent  on  the  number  of  square  feet  in  th. 
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of  oiie-iiich  tliickiiess,  and  if  the  temperature  difference  l^etween  tlie  twoi 
sides  is  one  degree.  Therefore,  tlie  total  lieat  leakage  will  be:  Area  (im 
sipiare  feet )  times  K  factor,  times  temperature  difference,  divided  hy  thei 
thickness  of  the  insulation  (in  inches). 

One  watt  hour  of  electricity  is  equal  to  3.415  B.t.u.  Therefore,  a  50-1 
watt  bulb  burning  one  hour  introduces  17(F  4  B.t.u.  per  hour,  or  4,100« 
B.t.u.,  if  allowed  to  burn  24  hours.  Dough  has  a  specific  heat  of  0.88i 
B.t.u.  per  pound,  per  degree  of  rise.  Normally,  this  factor  is  not  worthi 
calculating  when  the  designer  through  experience  is  able  to  make  a  lumpj 
allowance.  Following  the  calculation  and  estimation  of  losses  and  other 
factors,  the  selection  of  the  evaporator  and  condensing  unit  must  be  made.; 

The  condensing  unit  should  have  a  “rest”  and  still  maintain  the  same 
fermentation  room  temperature  despite  variations  in  “load”  through 
summer  or  winter.  For  this  reason  it  is  necessary  to  use  a  condensing  iiniti 
somewhat  larger  in  capacity  than  the  expected  maximum  24-hour  heat-: 
load.  The  condensing  unit  should  operate  only  about  two-thirds  of  the 
time  during  the  fermentation  room  total  operating  period.  This  calls! 
for  increasing  the  condenser  unit  capacity  about  50  per  cent.  Assuming 
the  heat-load  for  24  hours  to  be  96,000  B.t.u.,  and  the  room  to  be  in  use 
for  16  hours  per  day,  the  condenser  unit  must  have  a  capacity  of  6,00(1 
B.t.u.  per  hour. 

The  capacity  of  a  condensing  unit  varies  with  the  evaporator  tempera-r 
ture  and  suction  pressure  (which  is  governed  by  the  evaporator  tem-- 
perature).  Assuming  the  heat-load  calls  for  6803  B.t.u.,  the  condensing  l 
unit  of  three-fourths  horse  power  would  have  a  B.t.u.  capacity  per  houn 
of  5,820,  and  a  one  horse  power  unit  would  have  a  B.t.u.  capacity  of 
849()_somewhat  more  than  required  since  we  need  only  6,003.  Therc-;i 
fore,  we  use  the  one  horse  power  condensing  unit  and,  while  it  is  m 
operation,  it  refrigerates  at  tlie  rate  of  8,19()  H.t.n.  per  hour  (if  thel 
evaporator  can  absorb  heat  at  that  rate)  when  the  evaporator  temperaturci 
is  25°F.  and  the  suction  pressure  (Freon  12)  is  24.6  pounds  per  squarti 
inch.  We  must  select  an  evaporator  tliat,  at  a  15  degree  teniperaturel 
differential,  would  have  a  capacity  of  at  least  8,190  B.t.u.  per  hour.i 
The  difference  would  be  that,  within  a  span  of  24  hours,  the  one  horssl 
power  setup  would  operate  but  1.3  hours.  BrieHy,  we  calculate,  select 
and  design  to  obtain  a  neat  balance  by  compromise. 


PRINCIPLES  OF  REFRIGERATION 
The  subjects  “refrigeration”  and  “air  conditioning”  are 
while  each  in  itself  has  separate  applications,  no  full  air-conditioi  g  I 
plication  can  be  matle  without  use  of  refrigeration  n,  .  J 

is  specific  application  of  both  in  the  baking  held.  I  he  lolkm  mg 
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i-ussioii  of  tliese  siilijects  is  presented  i:i  the  simplest  language  permis- 
!4ble,  so  that  those  with  the  least  knowledge  in  this  specialized  field  will 
gain  some  benefit,  and  those  who  know  the  suliject  will  not  be  bored  or 
oo  critical.  Some  technical  language  is  mandatory,  of  course. 

■  The  modern  bakery  depends  upon  refrigeration  in  practically  every 
ohase  of  its  manufacturing  process.  Separate  units  are  utilized  wherever 
needed,  just  as  individual  machines  are  powered  by  individual  motors, 
individual  compressors  are  utilized  wherever  cooling  is  required, 
f  ^^1ule  there  are  several  different  devices  which  can  be  used  for  the  piir- 
jx)se,  we  will  confine  our  discussion  to  the  mechanical  type  of  compressor 
uid  to  the  use  of  Freon-12  as  a  refrigerant.  Refrigeration  is  a  process  of 
neat  transfer  from  one  space  to  another  space  of  higher  temperature.  Our 
iipplication  is,  in  effect,  to  pull  the  temperature  down,  within  an  enclosed 
|pace.  The  heat  pump  development,  the  reverse  operation  for  heating 
iin  enclosed  space,  is  a  phase  which  is  not  pertinent  here.  However,  it  is 
ii  part  of  the  refrigeration  picture  which  later  may  be  adaptable  to  bakery 


uses. 

The  process  of  mechanical  refrigeration  can  best  be  explained  by  com- 
jiaring  it  with  a  steam  heating  system.  The  principles  are  similar  but  the 
'low  of  heat  is  reversed.  Heat  is  supplied  to  the  boiler  by  some  type  of 
Durner.  The  heat  is  used  to  evaporate  the  water  to  steam.  The  steam  is 
:hen  piped  to  a  radiator  in  which  the  steam  condenses,  giving  up  its  heat 
tontent  to  the  surrounding  media  of  the  radiator.  The  condensate  or 
Nater  is  then  returned  to  the  boiler,  by  the  way  of  a  water  pump,  to  re- 
l)eat  its  cycle  of  operations. 


I  The  Refrigeration  system  is  the  reverse  of  the  boiler  system.  The 
lioiler”  in  a  refrigeration  system  is  known  as  an  evaporator,  or  more  often, 
is  the  cooling  coil.  The  evaporator  absorbs  heat  from  the  air  or  surround- 
lig  media,  causing  the  liquid  refrigerant  to  evaporate  at  a  low  temperature 
incl  maintain  a  pressure  on  the  evaporator. 

I  The  boiler  “feed”  water  pump  is  comparable  to  a  compressor.  The 
ompressor  pumps  the  gas  out  of  the  evaporator  and  raises  it  to  a  high 

seised  Th-  of  the  gas  is  in- 

I  •  ■  IS  high  temperature  gas  is  pumped  by  the  compressor  to  the 

ondenser,  which  correspontls  to  a  radiator  ii  a  belting  system  lere  i t  i! 

oRd  by  the  surrounding  me.lia  (air  or  water).  Uit.if  cooling  "^7 

gam  becomes  a  liquid.  The  liquid  refrigerant  is  then  admitted  back  o 

or  regulating  valve.  The  boil»r 
le  evaporator  are  also  similar  in  another  resirect  too  T)th  ti  •  " 

rea.  the  more  c<x,ling  eaJiS;  ’  -“P-'ator 
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With  tlie  above  simplification  as  liackgrouncl  the  function  of  tlie  com¬ 
pressor,  condenser,  evaporator,  expansion  valve,  and  the  maintenance- 
phase  can  be  gone  into  further.  First,  the  fundamentals  on  which  all  re-? 
frigeration  and  air-conditioning  is  based  will  be  presented. 

The  Refrigerating  Cycle 

Fig.  86  schematically  illustrates  an  idealized  refrigeration  cycle.  At* 
the  left  is  a  closed  vessel  or  evaporator  of  Freon-12  in  a  box  that  is  to  bo, 
cooled.  The  walls  of  the  box  are  filled  with  cork,  rock  wool  or  other 
insulating  material  in  order  to  retard  the  flow  of  heat  into  the  box  or  “re-; 
frigerator.”  If  the  pipe  from  the  evaporator  leads  out  to  the  open  air  ata 
sea-level  pressure  (zero  gauge)  the  Freon-12  will  boil  at  about  — 22°F. 


r! 

■''A.-,; 

B 


D 


Fig.  86.  Development  of  the  Refrigeration  Cycle 


If  we  now  put  a  valve  in  the  outlet  pipe  in  order  to  partly  retard  tlui 
escape  of  Freon-12,  the  pressure  will  rise  to,  e.g.  21  p.s.i.g.  This  situation 
is  illustrated  in  part  B  of  Fig.  86.  At  21  p.s.i.g.  the  Freon-12  will  boil  al 
2()°F.  instead  of  — 22°F.  By  increasing  the  pressure  in  the  evaporatoi 
from  0  to  21  p.s.i.g.,  we  have  brought  the  evaporator  temperature  up  froir 

-22°  to  20°F.  ^  ^  ^ 

If,  instead  of  restricting  the  escape  of  Freon-12  vapor,  we  restrict  ^  • 

How  of  liquid  into  the  evaporator  to  keep  a  constant  pressure  of  21 
we  produce  the  same  effect.  That  is,  the  boiling  takes^  place  at  lO  ^ 
Lecluse  tl.e  pressure  is  at  21  p.s.i.g.  Part  C  ot  Fig.  86  .llus  ra  es  th.-J 
arrangement.  However,  we  are  .still  losing  Freon-  _  vapoi  in  o 
If.  as  in  part  D,  we  lead  this  vapor  to  another  closed  vessel  that  is 
at  20° F.  the  vapor  will  condense  there  and  become  a  liquic  again, 
it  can  be  fed  back  to  the  evaporator,  and  the  cycle  repeated  ‘ 

Fimn  these  examples  it  will  be  seen  that  the  heat  in  the  refr.ge.ate. 
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;oes  into  the  evaporator  and  the  vapor  formed  there  carries  the  heat  out  to 
he  condenser  where  it  is  cooled.  As  its  temperature  is  reduced,  the  vapor 
ondenses  to  its  liquid  form.  Thus  we  have  moved  the  heat  from  inside 
Ihe  refrigerator  to  the  outside,  employing  the  refrigerant  as  the  carrying 
gent.  Obviously,  we  will  not  have  in  any  normal  situation  a  means  for 
ooling  the  condenser  to  20°F.  We  need  to  be  able  to  take  the  heat  out 


ROOM  TEMPERATURE  70" 


30-9.17  PSI  70  -  100  PSI 


a ’liq™a  ^  ™“F.,  and  cause  it  to  condense 

The  condensing  pressure  and  temperature  of  a  refrigerant  is  the  same 
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removed  at  the  same  temperature  and  pressure  at  which  it  was  added.. 
It  can  be  removed  at  much  higher  temperatures,  provided  that  the  pres¬ 
sure  is  also  higher.  The  relationship  between  temperature  and  pressure  of; 
liquefaction  for  several  common  refrigerants  is  illustrated  in  Fig.  85.‘ 
Therefore,  if  we  can  raise  the  pressure  of  the  escaping  refrigerant  in  the;, 
previous  example  to  100  p.s.i.g.  from  0  p.s.i.g.,  the  vapor  can  be  cooled 
and  condensed  to  a  liquid  at  70°F. 

To  raise  the  pressure  from  0  to  100  p.s.i.g.,  the  vapor  is  compressed  b\' 
a  special  type  of  pump  called  a  compressor.  The  higher  pressure  cone-, 
spends  to  90°F.  so  that  the  compressed  vapor  would  be  cooled  by  7()°F: 


air. 


The  condenser  usually  takes  the  form  of  a  series  of  tubes  with  fins  tc 
make  it  easier  for  the  heat  to  be  absorbed  by  the  air.  To  make  the  transfei. 
of  heat  from  the  condenser  to  the  air  still  easier  and  more  rapid,  a  fan  is 
often  used  to  blow  or  draw  air  over  the  condenser  tubes  and  fins. 

The  compressor  shown  in  Fig.  87  is  the  piston  or  reciprocating  typci 
but  it  could  be  the  rotary  or  any  other  suitable  type,  so  long  as  it  com 
presses  the  low  pressure  vapor  from  the  evaporator  to  an  extent  siiffit 
cient  to  allow  it  to  be  condensed  at  higher  temperatures.  | 

The  low  pressure,  heat-laden  vapor  comes  from  the  evaporator  at  9.Tl| 
p.s.i.g.  and  10° F.,  but  by  the  time  it  gets  to  the  compressor  it  has  pickeel 
up  some  heat  and  has  been  warmed  or  superheated  to  65°F.  It  is  stilil 
at  9.17  p.s.i.g. 

In  the  compressor,  the  pressure  is  raised  so  that  the  vapor  goes  into  tmj 
condenser  at  100  p.s.i.g.  In  compressing  the  vapor,  work  was  done  on  i 
and  this  work  energv  was  transformed  into  heat  that  raised  the  tempeia.j 
ture  of  the  vapor  to  'l72°F.  We  are  assuming  that  the  room  temperaturo 
is  70° F.,  but  the  condensing  temperature  must  be  higher  so  that  heat  wi 
flow  from  the  condenser  to  the  room  air.  For  our  example,  let  us  use  ; 
20°F.  temperature  differential  which  will  give  us  a  condensing  tempera  ' 
ture  of  90°F.  before  it  will  start  to  condense;  that  is,  sensible  heat  (super 
heat)  must  be  removed  before  we  can  start  taking  out  the  latent  heat 
The  superheat  is  much  less  than  the  latent  heat,  usually  about  one-foiirti- 


of  the  latent.  , 

After  the  vapor  has  lost  its  super-heat  and  latent  heat  and  has  bee- 

reduced  to  a  liquid,  still  at  90°F.  it  passes  into  the  “receiver,  which  i 

merely  a  storage  tank  for  holding  the  surplus  liquid  until  we  are  leaciy 

’"rl'e  KM)  lbs.  piessiire  forces  tbi'  liqnid  out  of  the  receiver  ''’.'"''f] 
the  liqiiitl  line  and  tlic  evaporator  as  fast  as  it  is  used  (Iroder  'n  ^ 
cvinorator  Hv  the  time  the  licpiid  gets  to  the  evaporatoi  it  coo  . 
still  more  and  eventually  may  get  down  to  near  the  TO^F.  temperature 
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lu‘  room  air.  ^’hi.s  is  known  as  “siib-cooling”  the  liquid,  d’lie  heat  lost 
o  tlie  room  air  is  sensilile  heat  only  and  the  pressure  remains  at  100  p.s.i.g. 

The  pressure  in  the  evaporator  must  he  kept  at  9.17  p.s.i.g.  il  we  expect 
he  liquid  to  hoil  at  10°F.  Since  the  liquid  is  actually  at  100  p.s.i.g.,  a 
estrictive  device  of  some  sort  must  he  used  to  reduce  the  liquid  down  to 
he  appropriate  pressure.  This  may  he  accomplished  hy  a  kind  of  hand 
alve,  called  a  hand  expansion  valve,  or  it  may  he  an  automatically  oper- 
ted  valve. 


SUCT/O/V 


//or  G/95  z//yzf -7 


£XPt9NS/0// 
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Fig.  88.  How  Refhigehation  Princ 


ciPLES  ARE  Applied  in  Practice 

'‘7  discussion,  the  refrigerant  ( Freon-12  in 

here  it  getLlZf ‘tirhea't  it  picZlT.rin^hfev^^  condenser 

1“ 

he  used  over  and  over  again  lefrigerant 

>ving  the  lieat,  and  the  Compressor  and®'''“7  "  ‘’''T 

notor,  receiver,  etc.,  the  condensing  unit )  7"  (comprising,  with 

“dvaging  machine  that  recovers  tlfe  v  p'ply  the  components  of 

™  so  that  it  can  lie  FiJr’'.;;'"  ''^-d 

this  type,  ^  dlnstrates  a  complete  system 
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Maintenance  and  Operation 

A  great  many  oi  the  problems  ot  operation  and  maintenance  can  ba 
traced  back  to  the  original  installation,  being  the  result  of  impropet 
sizing  of  lines,  inadequate  securing  of  lines  against  vibration,  and  thu 
omitting  of  auxiliary  equipment  such  as  sight  glass  gauges,  oil  traps,  etci 
Heat  exchangers  are  frequently  installed  between  the  liquid  and  suctioi* 
lines  to  cool  the  liquid  refrigerant  flowing  to  the  expansion  valve  and  td 
warm  the  cold  suction  gas.  Cooling  the  liquid  properly  will  preven 
the  formation  of  flash  gas  in  the  liquid  line  and  will  insure  maximum  ex» 
pansion  valve  capacity.  This  is  particularly  important  when  the  expansion 
valve  must  be  located  any  appreciable  distance  above  the  compressoi 
Increasing  the  heat  of  the  suction  gas  is  advantageous  in  that  it  tends  t4 
evaporate  any  liquid  passing  into  the  suction  line,  thus  affoi  ding  soin 
protection  against  “flooding  back. 

Water  vapor  or  moisture  will  cause  trouble  in  any  refrigeration  system 
At  low  temperatures,  the  moisture  may  freeze  in  the  expansion  valv, 
orifice  or  plug  the  fine  screen  in  the  strainer.  It  may  also  induce  seiioii. 
corrosion  or  create  sludge  in  the  compressor  crankcase.  In  spite  a 
every  effort  that  is  made  to  keep  moisture  out  of  the  system,  some  wii 
usually  find  its-wav  in.  To  remove  this  moisture,  various  fonns  of  driei 
or  dehydrators  are  used.  Driers  are  packed  with  a  desiccant,  usiiall 
silica  gel,  which  is  retained  in  the  body  of  the  drier  by  means  of  a  fin 
screem  Idiese  driers  will,  therefore,  act  as  both  strainers  and  dehydratori 
Since  driers  of  this  tvpe  add  a  certain  amount  of  resistance  to  the  liqui 
line  some  installers  make  a  practice  of  using  the  drier  only  temporariM 
The’  drier  is  placed  in  the  line,  the  system  is  operated  for  a  week  or  s.' 
and  the  drier  is  then  removed.  A  better  practice  is  to  install  a  drier  wil 
a  three-valve  by-pass  which  permits  operation  either  with  or  without  til 

'^'strainers  or  filters  are  intended  to  remove  particles  of  foreign  matt, 
from  the  liquid  or  gaseous  refrigerant  Irefore  they 

<laniage  the  compressor.  Tl.e  strainer,  or  liquid-hue  filter,  should  al*^ 
be  installed  ahead  of  any  expansion  valve  or  magnetic  stop  valve.  W  m 
tlm  solenoid  or  magnetic  stop  valve  and  the  expansion  valve  are  install, 
close  together  a  single  strainer  ahead  of  the  magnetic  stop  valve  may  I 
used  SMmilaiiy,  a  suction  strainer  should  always  be  installed  immed.ati 
ahead  of  any  evaporator  pressure  regulator  or  back  pressure  valv^  ^ 

the  compressor  does  not  have  a  built-in  suction  '  ‘ 

should  always  be  installed  ahead  ot  the  compressor  shut-oil  valve. 

When  compressors  or  condensing  units  are  mounted  on  resihei  h.^_ 
the  u^e  of  H^xihle  connectors  in  the  refrigerant  line  is  imperative.  T 
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flexible  connectors  commonly  used  to  take  the  form  of  metallic  bellows 
nrotectecl  bv  woven  wire  sheaths. 

^  Sight  glasses  or  liquid  indicators  should  be  installed  in  the  liquid  hue  o 
every  system.  They  are  usually  placed  near  the  liquid  shut-off  valve  on 
the  receiver  or  condenser,  and  are  used  to  tell  whether  or  not  the  system  is 
fully  charged.  If  the  liquid  level  in  the  receiver  or  condenser  is  too  low, 
some  gas  will  escape  into  the  liquid  tube  and  will  appear  at  the  sight  glass 
in  the  form  of  bubbles.  Sight  glasses  are  available  with  one  or  two 
lenses.  The  double  lens  form  is  recommended  since  otherwise  it  is  often 
difficult  to  observe  the  condition  of  the  liquid  when  the  equipment  is 
located  in  a  dark  place. 

Gauges  are  relatively  inexpensive  and  should  be  used  freely.  During 
testing,  gauges  must  be  eonnected  to  both  the  suction  and  the  discharge 
side  of  the  compressor.  If  an  evaporator  pressure  regulator  or  back 
pressure  valve  is  used,  a  third  gauge  must  be  installed  on  the  upstream 
side  of  the  regulator  in  order  to  determine  the  evaporator  pressure. 
While  it  is  not  difficult  to  attach  service  gauges  to  the  compressor  by 
means  of  the  back  seat  tapping  of  the  suction  and  discharge  valves,  a 
gauge  cannot  be  attached  to  the  back  pressure  valve  unless  the  system  is 
pumped  down.  It  is  always  good  practice  to  install  gauges  permanently. 
When  so  installed,  the  gauges  should  be  protected  by  throttling  valves. 

Because  the  compressor  must  be  lubricated,  the  refrigerant  gas  comes 
into  intimate  contact  with  the  lubricating  oil  on  the  cylinder  walls  of  the 
machine.  Some  of  this  oil  is  carried  into  the  discharge  line  by  the  re¬ 
frigerant  and  on  to  the  condenser  and  receiver.  To  insure  that  the  com¬ 
pressor  does  not  run  short  of  oil,  the  system  must  be  designed  to  carrv 
this  oil,  with  the  refrigerant,  on  through  the  evaporator  and  back  to 
the  compressor,  or  oil  traps  may  be  installed  with  an  oil  return  to  the 
compressor.  Location  of  the  compressor  should  be  below  the  location 
of  the  cooling  coil,  where  possible,  to  prevent  oil  from  being  carried  to  the 
coil. 


Preventative  Maintenance  Schedule 

Weekly.— (1)  Check  the  oil  level  in  the  compressor.  If  the  oil  level 
appears  to  be  low,  the  systems  should  be  allowed  to  operate  continuously 
for  3  or  4  hours  during  which  time  the  oil  level  should  be  checked  every 
30  minutes.  If  the  level  continues  low,  add  oil. 

(2)  If  the  compressor  has  force  feed  lubrication,  the  oil  pressure  should 

be  checked.  The  oil  pressure  gauge  should  read  about  25  lbs.  higher  than 
the  suction  pressure. 

(3)  The  compressor  should  be  stopped  and  the  seal  checked  for  evi- 
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(lence  of  excessive  oil  leakage.  If  excessive  leakage  is  found,  the  sea:i 
should  be  tested  with  a  halide  torch  for  refrigerant  leakage. 

(4)  The  entire  system  should  be  checked  for  any  unusual  conditions. 

Monthly.— (1)  All  motors  and  fan  shafts  should  be  checked  for  ade;^ 
cjuate  lubrication.  Oil  lubricated  sleeve  bearings  may  require  the  addi ! 
tion  of  a  small  amount  of  oil.  Over  lubrication  should  be  avoidedj 
Grease-lubricated  ball  bearings  should  be  lubricated  about  once  every 
three  months. 

(2)  All  belts  should  be  checked  for  proper  tension  and  alignment.  H 
each  belt  can  be  depressed  about  one-half  inch  with  normal  pressure  fron 
the  thumb,  the  tension  is  about  right. 

( 3 )  Pulleys  and  sheaves  should  be  checked  for  tightness  on  shafts.  II 
found  to  be  loose,  they  should  not  be  tightened  unless  alignment  hau 
been  checked  and  corrected. 

(4)  If  the  system  is  equipped  with  gauges,  and  it  should  be,  the  heac 
pressure  should  be  observed.  If  the  head  pressure  is  higher  than  normal 
the  cause  should  be  determined  and  corrected.  Purging  air  or  other  non 
condensible  gases  from  the  system  may  be  necessary. 

( 5 )  If  an  evaporative  condenser  or  cooling  tower  is  used,  the  condition? 
of  the  sprays  and  suction  screen  should  be  checked.  If  algae  or  scaling 
are  evident,  water  treatment  is  necessary.  The  spray  pump  should  be* 
checked  for  defects. 

Yearly.— I.  Water  should  be  drained  from  all  parts  of  the  condensing 
system  and  a  complete  and  careful  inspection  should  be  made.  Foulec 
condenser  tubes  should  be  cleaned.  Scale  should  be  removed. 

2.  If  an  evaporative  condenser  or  cooling  tower  is  used,  the  pumps  am 
tanks  should  be  thoroughly  flushed,  and  any  rust  or  corrosion  scrapec 
away  prior  to  painting.  All  surfaces  should  be  painted. 

3.  All  motor  and  fan  shaft  bearings  should  be  checked  for  evidences  ol 
wear.  Shafts  should  be  checked  for  proper  “end  play  adjustment.” 

4.  All  strainers  in  the  water  piping  should  be  cleaned. 

5.  Frayed  or  worn  belts  should  be  replaced. 

6.  The  condition  of  the  drains  should  be  checked.  They  should  b(« 
free  and  should  carry  away  all  waste  water  without  danger  of  stoppage 

and  flooding.  . 

7.  The  condition  of  the  contacts  in  all  starters  and  controls  should  D« 

checked. 
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Make-up  Equipment 


INTRODUCTION 


After  the  dough  leaves  the  fermentation  room,  it  is  processed  l:)y  a  series ; 
of  devices  which  are  rather  loosely  classified  as  make-up  equipment.  Im 
manufacturing  of  pan  bread,  this  category  is  comprised  of  the  divider,, 
the  rounder,  the  intermediate  proofer,  and  the  moulder.  Except  for  the* 
intermediate  proofer,  these  devices  have  the  common  function  of  changing,, 
the  shape  of  the  dough  piece.  These  pieces  of  machinery  form  an  inte-- 
grated  group  and  they  must  he  discussed  together  for  maximum  clarity. . 
Problems  encountered  in  operating  and  maintaining  the  various  machines ; 
are  similar,  and  they  must  operate  in  unison  and  at  the  same  rate  for'' 
maximum  efficiency.  Furthermore,  the  dough  is  at  approximately  the* 
same  state  of  chemical  and  physical  development  throughout  its  process- - 
ing  in  the  make-up  equipment. 

Although  the  intermediate  proofer  is  discussed  in  this  chapter,  it; 
certainly  is  not  “make-up  equipment”  in  the  usual  sense,  because  it  does  r 
not  change  the  shape  of  the  dough  piece.  It  is  included  here  because  it  is  ? 
a  necessary  connecting  link  between  the  other  parts  of  the  complex,  and! 
consideration  of  the  other  members  of  the  chain,  i.e.  the  divider,  rounder,, 


and  moulder,  would  be  made  more  difficult  and  less  understandable  if  ai 
description  of  the  intermediate  proofer  were  not  included. 

The  subject  of  forming  equipment  is  so  complex  and  diverse  that  it  was 
mandatory  to  adopt  some  plan  for  limiting  the  contents  of  this  chapter. 
Idle  largest  amount  of  space  has  been  devoted  to  bread-making  equip¬ 
ment.  Special  forming  machinery  for  other  bakery  products  will  also  be 
discussed,  but  not  in  the  same  amount  of  detail  used  for  bread  make-up 
machines.  It  is  felt  that  this  limitation  is  justified  not  only  by  considera-- 
tions  of  available  space,  but  also  by  the  relative  importance  of  bread- - 
making  devices  and  by  the  applicability  of  their  principles  of  operation: 

to  other  less  common  types  of  forming  machines. 

A  commercially  available  example  of  each  major  type  of  device  con¬ 
sidered  will  be  illustrated  and  described.  These  discussions  wil  be 
limited  to  erpiipment  suitable  for  wholesale  or  large  retail  bakeries.  Ihere. 
are  several  good  books  on  small  retail  shop  practices  , 

already  available  to  readers  who  are  interested  m  this  aspect  of  t  le  la  • 
arts  and  there  would  be  little  justification  for  duplicating  such  g  - 

i„  tiiis  volume.  On  the  other  hand,  the  lack  of  organized  discussions  - 
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mass  production  equipment  dictates  the  fullest  possible  use  of  the 
presently  available  space  for  consideration  of  this  type  of  machinery. 

It  has  been  assumed  that  the  reader  has  a  least  a  fair  grounding  in  the 
basic  sciences.  Some  acquaintance  with  bakery  technology  is  also  de¬ 
sirable,  even  though  the  first  two  sections  of  the  book  include  a  review  of 
many  aspects  of  the  technology.  The  principal  value  of  the  present 
chapter  will  be  to  the  present  or  potential  engineer  or  scientist  who  plans 
to  specialize  in  bakery  technology.  The  level  of  difficulty  is  intended  to 
he  such  as  to  make  the  contents  readily  understandable  to  a  college 
graduate. 

Current  procedures  and  machinery  are  emphasized  but  some  historieal 
material  is  included  when  it  is  considered  necessary  for  a  better  under¬ 
standing  of  the  present  state  of  the  art.  Trends  and  the  reasons  for  trends 
are  discussed  in  relation  to  the  past. 

Examples  are  chiefly  confined  to  United  States  practices.  It  is  recog¬ 
nized  that  these  are  not  the  most  advanced  in  every  case,  but  they  are 
likely  to  be  the  most  important  to  the  reader.  Where  important  and 
valuable  deviations  from  United  States  practices  are  thought  to  be 
readily  applicable  to  situations  existing  in  this  country,  they  are  discussed 
briefly. 


DIVIDERS 

Transporting  the  Dough  to  the  Divider 

After  the  dough  has  completed  its  fermentation  in  bulk,  the  filled 
tiough  is  tiansported,  usually  by  man-power,  to  the  divider  area  or  to 
the  floor  above  the  divider.  Transfer  of  the  trough  contents  is  effected 
by  gravity  to  the  divider  hopper  or  to  a  chute  leading  to  the  hopper.  The 
trough  contents  may  be  transferred  to  the  raised  hopper  of  the  divider 
eit  ler  as  one  mass  or  as  chunks,  depending  upon  the  capacity  of  the 
opper  and  the  available  equipment  for  handling  the  trough.  Usually 
le  trough  is  elevated  and  then  tipped  so  that  the  dough  falls  into  the 
<  ivuler  chute  F.g,  89  illustrates  a  typical  arrangement  of  the  trough 
levator  and  the  divider  The  trough,  which  is  on  Masters,  is  rolled  Tlong 

mn  V  brick  t‘  the 

pty  biackets  are  m  a  raised  position),  the  elevator  motor  is  started 

St  laismg  the  trough  above  the  divider  and  then  turning  it  through  a  90 

degree  angle  to  dump  the  dough  into  the  divider  hopper. 

Function  of  the  Divider 

iMe:e!:‘'1i.e  imtiH:;  ", 

.mpoitant  factor  to  the  baker  is  the  loaf  weight,  but  it  has 
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proved  to  be  difficult  to  design  an  apparatus  which  will  subdivide  dough 
on  a  weight  basis.  Consequently,  all  dividers  x^resently  used  operate  on 
a  volumetric  basis.  The  dough  is  forced  into  .spaces  having  a  known 
v  olume,  the  pocket  contents  are  cut  off  from  the  main  dough  mass,  and 
the  pieces  of  constant  volume  are  ejected  onto  a  conveyor  leading  to  the 
rounder.  As  long  as  the  dough  density  is  kept  constant,  the  weight  as- 
well  as  the  voliune  of  the  pieces  will  be  the  same. 

Fig.  90  is  a  schematic  diagram  of  the  most  common  tvq^e  of  divider. 
The  dough  flows  from  the  hopper  into  the  underlying  compression 
chamber.  At  the  start  of  the  cycle,  a  knife  moves  horizontally  to  cut  off! 
the  piece  of  dough  near  the  hopper  bottom.  Next,  the  ram  or  piston 


Fig.  89.  Dough  Trough  Elevator  Arranged  to  Feed  a  6-Pocket 
Divider,  a  Rounder,  and  6-Pocket  Proofer 


moves  forward  pressing  the  severed  dough  piece  into  a  chamber  con¬ 
tained  in  a  rotatable  cylinder.  At  the  end  of  the  ram  stroke,  the  cylinderr 
turns,  cutting  off  the  excess  dough,  and,  finally,  the  dischaige  lever  ejects. 
the  measured  dough  piece. 

In  the  return  cycle,  the  emptied  cylinder  is  turned  back  so  that 
cavities  face  the  compression  chamber,  and  the  knife  and  compression 
piston  withdraw,  allowing  more  dough  to  be  drawn  into  the  chamberr 

by  gravitv  and  suction.  ^  ^ 

Commercial  models  are  available  which  have  from  2  to  8  poc^ts 
the  cvlioder  and  operate  at  speeds  np  to  25  strokes  per  minute.  Scal.nM, 
■  from  6  to  36  ounces,  and  motors  np  to  7V=  horsepower  arc  uscn.i 


range  is 
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\ii  eight-pocket  divider  is  shown  in  Fig.  91.  d'his  machine  will  scale 
lough  pieces  at  a  speed  of  24(K)  to  9600  loaves  per  hour.  It  is  5  ft.  3V'i> 
'  n.  high,  5  ft.  6V2  in-  long,  and  3  ft.  5  in.  wide.  A  special  feature  of  this 
nodel  is  the  variable  speed  drive  on  the  discharge  conveyor. 


DOUGH  HOPPER 


Courtesy  of  Department  of  Defense 

tic.  90.  Schematic  Diagram  of  a  Common  Type  of  Divider 

Some  dividers  use  a  reciprocating  division  box  instead  of  the  rotating 
^yl.nder  to  measure  and  cut  off  the  dough  pieces.  In  these  macliines,  the 
X  con  aining  t  e  pockets  is  forced  downward  after  they  are  filled 

C=.tz:;;,rr;=  . 
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Clontrolling  and  Adjusting  the  Divider 

4'he  volume  of  the  pockets  which  scale  the  dough  piece  is  adjustahlej 
to  allow  variation  in  the  weight  of  the  finished  loaf  and  to  permit  conipen-f 
sation  for  changes  in  dough  density.  Volume  adjustment  is  made  by  trial' 
and  error  changes  of  the  piston  depth  in  each  individual  pocket.  Thei^ 
pistons  are  adjusted  by  different  mechanisms  in  different  models.  Lockli 
nuts  or  shims  are  the  usual  means.  Any  change  in  the  density  of  thei 


Courtesy  of  Baker  Perkins,  Inc. 

Fig.  91.  An  Eight-Pocket  Dough  Divider 

doiinli  will  be  reflected  in  an  alteration  of  the  piece  weight  measured  at 
any  piston  setting.  Therefore  it  is  essential  to  set  the  machine  using  • 
representative  sample  of  dough.  Allowing  the  dough  to  stand  ar«un  1  o 
a  considerahle  period  while  making  adjustments  is  a  sure  way  to  creat . 

troublesome  conditions  later  on. 

The  speed  of  the  apparatus  must  be  coordinated  with  the  si  ^ 
other  elements  in  the  forming  machine  complexus.  However,  topspe^ 
the  divider  is  established  as  frequently  by  dough  characteiist  .  .  . 
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machine  limitations.  A  variable  speed  drive  is  provided  on  all  dividers 
tor  the  adjustment  ol  scaling  rate.  Changing  the  speed  is  simply  a  matter 
of  adjusting  the  wheel  or  lever  controlling  the  variable  speed  drive. 

Dough  dividers  have  a  special  lubrication  system  which  provides  an 
important  variable  in  machine  adjustment.  Oil  used  in  this  system  has 
two  functions:  it  lubricates  the  mechanical  parts  of  the  divider  which 
come  in  contact  with  the  dough,  and  it  forms  a  seal  between  the  dough 
box  and  the  divider  head.  It  is  usually  a  special  grade  of  mineral  oil 
since  it  has  been  found  that  vegetable  oils  leave  a  gummy  film  which 
may  cause  excessive  friction  or  even  bind  the  close  tolerance  mov'ing 
parts  of  the  machine.  Divider  oil  should  be  a  colorless,  odorless,  and 
tasteless  as  possible.  Specifications  commonly  call  for  a  technical  white 
grade  mineral  oil  with  a  viscosity  of  85  to  120  at  212°F.  and  a  flash  point 
of  662°F.  Lubrication  systems  are  either  pressure-fed  or  gravity  types. 
Adjustment  of  either  is  simple.  The  correct  setting  is  that  which  uses 
the  least  amount  of  oil  to  secure  proper  functioning  of  the  divider.  Ma¬ 
chine  bearings  and  other  moving  parts  which  do  not  contact  the  dough 
are  lubricated  by  the  usual  petroleum  oils  and  greases. 

Since  divider  oil,  which  is  non-nutritive,  is  taken  up  by  the  dough  and 
appears  in  small  quantities  in  the  finished  loaves,  it  falls  under  certain 
provisions  of  the  new  Federal  legislation  regarding  food  additives.  In 
effect,  the  current  legislation  requires  prior  approval  by  the  Food  and 
Drug  Administration  for  use  of  food  additives  of  this  nature,  but  allows 
a  moratorium  on  enforcement  until  March  5,  1960  for  additives  which 
were  m  use  prior  to  January  1,  1958.  Since  divider  oil  has  been  used 
for  many  years,  manufacturers  and  users  of  the  product  had  until  March 
.  ,  1960  to  secure  approval  of  the  use  of  the  oil  in  bread.  The  Federal 
Re^istei  of  Maich  17,  1960  indicated  that  manufacturers  of  mineral  oil  had 
been  given  a  one-year  extension  from  March  6,  1960,  in  which  to  meet  the 
lequiiements  of  the  Food  Additives  Amendment  with  respect  to  the  use  of 
mineral  oil  as  an  indirect  additive  in  the  processing  of  bakerv  products  in 

Maintaining  the  proper  clearances  between  the  knife  and  the  ram  and 
behveen  the  dongh  box  and  the  divider  head  is  very  imnort  It 
ing  proper  operation  of  the  machine  Fvee  •  P  ‘  n  assni- 

dough  leakage,  and  insufficient  clearmrce  w~e 
heat  with  consequent  bad  effects  on  the  1  V  .  machine  to  over¬ 
motor.  Consult  the  manuf  icti  ’  demands  on  the 

I  l-k  ^  _ _  1.1 


rpi  pciiL:i. 

dough  box.  “d  -faSle'^hn,?::^^ 
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is  taken  in,  the  weights  of  tlie  pieces  will  usually  be  erratic,  while  an 
excessive  amount  of  dough  will  receive  unnecessary  punishment  which 
may  cause  poor  performance  of  the  dough  in  the  later  stages  of  processing. 
The  former  condition  is  frequently  accompanied  by  a  knocking  sound  in 
the  divider  as  the  partially  empty  pockets  allow  gas  to  be  compressed  in 
them.  An  up  and  down  movement  of  the  dough  in  the  hopper  is  con¬ 
sidered  a  symptom  of  poor  adjustiuent,  or  of  dough  which  is  not  pliable 
enough.  The  adjustments  which  will  produce  the  best  results  for  any 
particular  dough  must  be  determined  empirically. 

According  to  Trautman  (1951),  breaking  of  the  dough  between  the 
divider  chamber  and  the  dough  hopper  is  a  certain  indication  of  im¬ 
properly  conditioned  dough.  He  also  states  that  it  is  important  for  the 
chute  to  have  the  proper  pitch  so  the  dough  will  be  given  an  even 
pressure  at  the  chamber  at  all  times.  Other  authorities  indicate  the  chute 
should  have  an  angle  of  at  least  45°  if  possible,  and  under  no  circum¬ 
stances  should  the  angle  be  less  than  30°.  The  surface  finish  on  the  dough 
chute  and  divider  dough  hopper  is  quite  important  and  should  be  in  the 
neighborhood  of  125  disc  grind  finish.  It  is  sometimes  possible  to  solve 
problems  of  proper  dough  feed  to  the  compression  chamber  by  applying  a 
Teflon  coating  to  the  high  friction  surface. 

The  amount  of  flour  dusted  on  to  the  conveyor  belt  can  be  controlled, 
and  should,  of  course,  be  kept  to  the  minimum  capable  of  promoting 
adequate  performance  of  the  divider. 

Maintenance 

Cleaning  the  divider  is  a  rather  difficult  job  which  must  be  performed 
whenever  the  machine  is  shut  down  for  more  than  an  hour  in  order  to*i 
prevent  caking  of  the  retained  dough.  Proper  cleaning  requires  removal 
of  the  ram,  knife,  dough  hopper,  and  pistons. 

Following  is  a  recommended  sequence  for  cleaning: 

( 1 )  Stop  the  divider  with  the  knife  and  the  ram  all  the  way  back. 

(2)  Remove  the  housing  covering  the  knife  connecting  links  and  release  • 
the  knife.  Draw  the  knife  out  of  its  guide  slots  and,  if  possible,  remove: 
it  from  the  machine. 

(3)  Disengage  the  ram  from  its  connecting  shaft,  and  draw  it  out  of 
the  dough  chamber. 

(4)  Remove  nut  holding  plunger  in  cylinder  and  remove  the  plunger.. 
Since  the  pistons  are  usually  not. interchangeable,  they  should  be  plainly’ 
marked  if  the  manufacturer  has  not  provided  an  identification  symbol. 

(5)  Remove  the  excess  dough  from  the  parts  with  a  hardwood  or  plastic 
scraper  and  finish  cleaning  with  water  and  soda  or  detergent.  After  rms-  - 
ing  and  drying,  cover  the  parts  with  a  thin  film  of  di\  ider  oil. 
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(6)  Place  the  oil  catch  pan  under  the  divider  head  to  protect  the 
conveyor  belt  and  vacuum  or  blow  out  all  flour  from  the  divider  proper, 
the  conveyor  belts,  motor,  drives,  and  switch  boxes. 

( 7 )  Clean  the  inside  and  the  outside  of  the  divider  housing. 

(8)  Replace  the  plungers,  ram,  and  knife. 

So  far  as  sanitary  problems  are  concerned,  divider  oil  will  not  support 
insect,  rodent,  or  microbial  life.  Dusting  flour  is  subject  to  the  usual 
infestation  problems  if  not  carefully  watched.  Dirty  or  hardened  dough 
pieces,  if  allowed  to  accumulate,  can  end  up  in  the  finished  loaves  as 
readily  detectable  contaminants. 

Serious  accidents  can  be  caused  if  the  hazardous  nature  of  the  divider 
is  not  fully  recognized.  The  American  Standard  Safety  Code  for  Bakery 
Equipment^  (Anon.  1947)  lists  the  following  desirable  safety  features 
for  bakery  equipment: 

“Pinch  and  Shear  Points.— All  pinch  points  and  shear  points  from  rotat¬ 
ing  or  reciprocating  parts  of  the  divider  shall  be  enclosed  or  guarded,  to 
protect  the  operator’s  hands  and  fingers  from  these  hazards. 

“Front  Guards.— Cuards  at  the  front  of  a  divider  shall  be  so  arranged 
that  the  weight  of  dough  can  be  adjusted  without  removing  the  guard. 

Rear  of  Divider.  The  back  of  the  divider  shall  have  a  complete  cover 
to  enclose  all  of  the  moving  parts,  or  each  individual  part  shall  be  en¬ 
closed  or  guarded  to  remove  the  separate  hazards.  The  rear  cover  shall 
be  provided  with  a  limit  switch  in  order  that  the  machine  cannot  operate 
when  this  cover  is  open.  The  guard  on  the  back  shall  be  hinged  so  that 
it  cannot  be  completely  removed  and  if  a  catch  or  brace  is  provided  for 
holding  the  cover  open,  it  shall  be  designed  so  that  it  will  not  release  due 
to  vibrations  or  minor  bumping  whereby  the  cover  may  drop  on  an 
employee.  ^ 

m'*  Knife.-The  oil  holes  in  the  knife  at  the  back  of  the 

hlhole^^^'  employees  finger  cannot  go  through 

“Knife  Actuating  Arm.-There  shall  be  a  saddle  guard  or  other  protec- 

Ae'cllvdrr  of 

lew!*"]  shall  be  equipped  with  mechanical  overload 

elease  devices  such  as  shear  pins.”  vcxiuaa 

he  lvt-.''‘f' ^'i^oussion  concerning 
fhe  h.uuds  of  dividers  which  brings  out  the  following  points:  ® 


Sqiiipment,  Z3(U-lM7™OTp7ri Jued  bJ^ASA^onie  for  Bakery 

he  American  Slandards  Association  at^TO  EasS  le^^Nr  w‘’lTx^ 


Street,  New  York  17,  New  York. 
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“(a) 

points. 


In  some  dividers  the  division  box  goes  up  and  down, 


causing  pinch  r 


(h)  On  another  type  of  divider  the  cylinder  division  box  revolves  and  if  ai 
man  reaches  in  to  grab  a  double  he  is  subject  to  a  shear  hazard.  A  trans-- 
parent  shield  is  suggested  across  the  front. 

(c)  At  the  start  of  a  run  the  operator  grabs  the  first  piece  of  dough  to  weigh i 
it.  On  some  machines  there  is  not  sufficient  clearance  between  the  bottom  of; 
the  divider  and  the  primary  conveyor  belt. 

(d)  Rotating  division  boxes  on  some  dividers  are  cylindrical,  but  with  ai 
segment  cut  off  from  one  side.  There  is  a  shear  point  under  the  divider  drumr 
where  this  flat  side  rotates  past  the  edge  of  the  machine. 

(e)  The  pocket  adjustment  on  some  dividers  is  a  knurled  round  knob  on  the' 
end  of  a  reciprocating  bar.  There  is  a  pinching  hazard  between  the  side  of! 
this  knob  and  the  side  of  the  box. 

(f)  There  is  a  shear  hazard  on  some  machines  where  the  division  box  con-- 
necting  rod  end  passes  the  side  of  the  machine. 

(g)  There  is  a  pinch  point  on  some  machines  where  the  top  of  the  divisionr 
box  passes  the  edge  of  the  hopper. 

(h)  There  is  a  hazard  on  some  machines  where  the  division  box  lever  is- 
pulled  up  past  the  bottom  of  the  division  box  by  the  division  box  connecting  rod. 

(i)  On  the  primary  conveyor  of  some  dividers  where  the  conveyor  belt  goes?: 
over  the  pulley,  there  is  an  exposed  pinch  point  where  the  belt  makes  contacti 
with  the  pulley  because  the  end  of  the  pulley  is  exposed. 

(j)  Conveyor-belt  connections  should  be  checked  for  pinch  points. 

(k)  At  present  certain  dividers  have  relatively  large  oil  holes  which  some-- 
times  fill  with  dough  and  when  the  employee  tries  to  push  out  the  dough  with 
his  fingers  there  is  a  shear  hazard  with  the  frame  below.” 


Interaction  of  Doughs  and  Divider 

xAnything  which  affects  the  dough  density  will  change  the  weight  oft 
the  scaled  pieces.  Since  the  dough  continues  to  ferment  in  the  hopper, 
with  the  gas  production  contributing  to  a  lower  density,  a  slight  decrease: 
in  scale  weight  can  ]:»e  expected  as  each  batch  of  dough  is  processed,  with' 
a  rise  as  a  new  batch  starts  to  flow  into  the  compression  chamber.  HI 
the  batches  are  small  enough  and  divider  operation  is  rapid  enough,  the; 
changes  in  piece  weight  will  probably  be  within  limits  that  can  be. 
tolerated.  If  the  divider  must  be  shut  down  for  even  a  few  minutes  with 
dough  in  the  hopper,  a  considerable  error  in  weight  must  be  expected. 
Frequent  tests  of  the  weight  of  dough  pieces  from  each  pocket  shou  c  le. 
made  by  the  operator  with  the  aid  of  an  “over-and-under”  scale  placec 

adjacent  to  the  conveyor.  ,  ,  i  i  folv  • 

Excessively  becky  doughs  may  not  fill  the  divider  pockets  completely, 

with  resultant  erratic  scaling.  ’  Wide  variations  Pi^ce  weights  .mv 
also  be  observed  if  tbe  dough  is  full  of  large  gas  poc-yts.  Some  c  ivi 
have  been  equiped  with  compression  pistons  which  have  rods  P-'ojy  "  f, 
from  their  faces  so  that  large  gas  pockets  in  the  dough  will  be  ' 

The  divider  has  a  pronounced  effect  on  dough  properties.  The  com 
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pression  and  cutting  result  in  a  considerable  loss  of  gas,  not  only  initially, 
hut  continuing  through  the  cut  and  torn  surfaces  of  the  dough  piece  as 
it  is  transported  to  the  rounder.  Furthermore,  the  compression  and  cut¬ 
ting  actions  disorient  the  gluten  fibrils,  changing  the  dough  qualities.  A 
temperature  increase  is  observed  as  the  dough  passes  through  the  divider, 
and  this  affects  the  fermentation  speed,  among  other  things.  The  tem¬ 
perature  change  is  due  to  contact  with  hot  divider  surfaces  and  to  the 
mechanical  work  performed  on  the  dough.  The  dough  also  picks  up 
divider  oil  and  flour  during  its  passage  through  the  machine,  although, 
if  adjustments  are  properly  made,  the  amounts  should  not  be  great  enough 
to  cause  a  significant  change  in  the  dough  properties. 

ROUNDERS 


The  Function  of  the  Rounder 


\Mien  the  dough  piece  leaves  the  divider,  it  is  irregular  in  shape  with 
sticky  cut  surfaces  from  which  the  gas  can  readily  diffuse.  The  gluten 
structure  is  disoriented  and  so  not  in  suitable  condition  for  moulding. 
It  is  the  function  of  the  rounder  to  close  these  cut  surfaces,  giving  the 
dough  piece  a  smooth  and  dry  exterior,  to  make  a  relatively  thick  and 
continuous  skin  around  the  dough  piece,  to  re-orient  the  gluten  struc¬ 
ture,  and  to  form  the  dough  into  a  ball  for  easier  handling  in  the  sub¬ 
sequent  steps.  It  performs  these  functions  by  rolling  the  well-floured 
dough  piece  around  the  surface  of  a  drum  or  cone  while  moving  it 
upward  or  downward  along  this  surface  by  means  of  a  spiral  track.  As 
a  lesult  of  this  action,  the  surface  is  dried  by  an  even  distribution  of  dust¬ 
ing  flour  as  well  as  by  the  dehydration  occurring  because  of  the  exposure 
to  the  air,  the  gas  cells  near  the  surface  of  the  ball  are  collapsed  forming 
a  t  nek  layer  which  inhibits  the  diffusion  of  gases  from  the  dough,  and 
le  dough  piece  assumes  an  approximately  spherical  shape.  After  this 
processing  step,  the  dough  ball  passes  to  the  intermediate  proofer. 


Types  of  Rounders 

evil""  ”  ‘'rum- 

■  g.  9-  schematically  illustrates  such  a  device  while  Fie  99  ic 
a  photograph  ot  a  commercially  available  machinr  f:T  r 


436 


BAKERY  TECHNOLOGY  AND  ENGINEERING 


A  second  popular  type  of  rounder  is  the  so-called  umbrella  or  inverted 
cone  variety.  These  machines  differ  from  the  preceding  kind  in  that  the 
dough  piece  is  caiiied  around  the  outside  surface  of  a  cone  which  haji^ 
its  apex  facing  upwards.  Fig.  94  is  a  photo  of  such  a  rounder.  Since  the 
dough  enters  the  rounder  at  the  larger  diameter  of  the  cone,  as  shown  in' 
the  schematic  diagram,  Fig.  95,  its  initial  movement  is  more  rapid  thani 
it  would  be  in  the  bowl  rounder.  Opinions  vary  as  to  the  relative  meriS 
of  the  two  types  of  machines.  It  is  certain,  however,  that  many  example? 
of  both  types  have  been  performing  satisfactorily  for  many  years. 


DUSTER  BOX 


A  third  type  of  rounder  is  the  drum  type.  These  machines  differ  fronr 
the  bowl  and  umbrella  varieties  in  that  the  cone  segment  has  very  little. 
slope  to  its  sides,  i.e.  the  sides  are  almost  vertical.  The  dough  piece  enter^ 
near  the  bottom  of  the  drum.  It  is  obvious  that  the  ball  travels  at  i 
more  uniform  rate  in  these  machines  than  in  the  other  two  types.  Among 
the  advantages  claimed  for  the  drum  rounders  is  that  they  require  ess 
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Courtesy  of  American  Machine  and  Foundry  Co. 
Fig.  93.  A  Commercially  Available  Bowl-Tape  Rounder 


i 

Courtesy  of  Baker  Perkins,  Inc. 

Fig.  94.  An  Umbrella-Type  Rounder 
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Hoor  space,  allowing  greater  latitude  in  positioning  the  machine  with 
respect  to  other  make-up  equipment.  Fig.  96  illustrates  positioning  of 
the  clix'ider  with  respect  to  three  different  types  of  rounders. 

A  fourth  style  of  rounder  has  concave  sides.  The  round  dough  race  is 
constructed  in  two  or  more  sections  on  different  planes.  The  dough  pieces 
feed  in  at  the  top,  move  through  the  sections  of  the  dough  race,  and  are 
discharged  into  the  feed  drum  of  the  intermediate  proofer. 


ROUNDER 

Courtesy  of  Department  of  Defense 


Fig.  95.  Path  of  Dough  Piece  in  an 
Umbhell.-v-Tyfe  Rounder 


In  addition  to  their  form,  rounding  machines  may  vary  in  the  te.xtuie 
or  composition  of  the  rotating  surface,  in  the  means  provided  for  adjusting 
the  relationship  of  the  dough  race  to  the  drum  or  cone,  in  the  method  of 
applying  dusting  Hour,  etc.  The  rotating  surface  is  usually  coiiugated 
vertically  or  horizontally,  but  the  design  and  size  of  the  ribs  vaiies  con 
siderably  from  one  manufacturer  to  another.  The  surface  may  be  wa.xec 
or  it  may  be  coated  with  a  plastic  such  as  Teflon  to  reduce  sticking, 
(piently,  a  device  to  shunt  aside  oversize  dough  pieces  (doubles)  is  fixtc 

at  the  exit  chute. 


Controlling  and  Adjusting  the  Rounder 

Most  rounders  provide  a  means  for  adjusting  the  distance  of  the  race 
from  the  rotating  surface.  This  furnishes  a  method  for  controlling  t  u 
formation  of  “pills”  or  small  pieces  of  dough  which  are  pinched  ot 
between  the  race  edge  and  the  drum.  As  a  rule,  the  race  should  be  ]us 
as  close  to  the  drum  as  it  can  be  placed  without  creating  riction. 
should  be  recognized  that  a  film  of  dough  builds  up  as  the  roundel 
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operates,  reducing  the  amount  of  clearance  between  the  race  and  the 
drum. 

Tlie  speed  at  which  the  rounder  rotates  is  usually  not  easily  changed, 
a  constant  speed  sufficing  for  all  applications.  The  amount  of  dusting 
flour  which  the  machine  applies  is  capable  of  adjustment  in  most  cases. 
Another  important  variable  is  the  rate  at  which  pieces  are  supplied  to 


Fig.  96. 


courtesy  or  Dutchess  Bakers’  Machinery  Corp. 


1  0S„,0N,NC  OP  Doogh  D.viopks  an„  Three  D.feerent 
styles  of  Rounders 


oubles,  tearing  of  clough° 

lough  film  on  the  drum  fnrface)  ires  inVe^fi''  ^  of 

listing  flour),  and  stick  ups.  ’  "  finished  loaves  (too  much 

Maintenance  requirements  for  rounders  are  relatively  simple  and 
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consist  fundamentally  of  proper  lubrication  and  adequate  cleaningi 
Dusting  flour  accumulations  should  be  removed  at  every  convenienli 
opportunity.  Accumulations  of  dry  dough  on  the  cone  surface  are  par*" 
ticularly  harmful  and  should  be  carefully  removed  during  each  shutt 
down.  To  avoid  scoring  the  surface,  hardwood  or  plastic  scrapern 
should  be  used.  If  special  maintenance  procedures  are  necessary  for  anyi 
machine,  the  manufacturers  service  booklet  will  list  them. 

Rounders  are  inherently  less  dangerous  to  operate  than  are  dividers  ano 
moulders,  nonetheless  an  occasional  operator  will  find  some  ingenious  wau 
to  get  a  finger  or  hand  caught  in  the  mechanism.  As  in  the  case  of  al 
other  machines  involving  moving  parts,  the  operator  should  be  directed  t( 
keep  his  hands  away  from  shear  points  and  pinch  points  and  to  assure 
himself  that  the  power  will  remain  off  while  he  is  cleaning  the  device. 


INTERMEDIATE  PROOFERS 


Function  of  the  Intermediate  Proof er 

W'hen  the  dough  piece  leaves  the  rounder,  it  is  rather  well  de-gassec 
as  a  result  of  the  punishment  it  received  in  that  machine  and  in  tha 
divider.  The  dough  lacks  extensibility  and  tears  easily.  It  is  rubbery  ana 
would  not  mould  satisfactorily.  To  restore  a  more  flexible,  pliabl 
structure  which  will  respond  well  to  the  manipulations  of  the  moulder 
it  is  necessary  to  let  the  dough  piece  rest  while  fermentation  proceeds 
This  is  accomplished  by  letting  the  dough  ball  travel  through  an  incloser 
cabinet  for  a  few  minutes.  The  physical  changes  other  than  gas  accumula. 
tion  which  occur  during  this  period  are  rather  obscure,  but  apparent! 
there  are  some  alterations  in  the  sub-microscopic  structure  of  the  doug: 
which  render  it  more  responsive  to  the  subsequent  operations.  When  tlr 
dough  leaves  the  intermediate  proofer,  it  is  found  to  be  larger  in  volunv 
due  to  gas  accumulation,  the  skin  is  firmer  and  drier,  and  the  piece  is  mor; 
pliable  and  extensible. 


Types  of  Intermediate  Proof ers 

Most  inteimecliate  proofers  used  at  the  present  time  are  the  overliea 
tyire  in  which  tlie  principal  part  of  the  cabinet  is  raised  high  enoug. 
above  the  Hoor  to  allow  space  for  other  make-up  machinery  beneath  . 
When  overhead  space  is  not  adequate,  one  of  the  Horn  tyires  may 

'"Tntmnediate  proofers  may  be  conveniently  divided  into  belt  tyi 
anti  the  tray  type,  the  latter  variety  having  many  sub-types.  T^  fo 
style  consists  essentially  of  endless  belts  runmng  m  a  closed  *  '  , 

tiough  pieces  are  carried  forward  to  the  end  of  the  cabinet,  then  diopi 
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down  on  the  next  lower  belt  traveling  in  the  opposite  direction,  and  so  on 
until  they  reach  the  exit  conveyor.  Fig.  97  illustrates  the  principles  of 
operation  of  such  a  machine. 

Tray-type  conveyors,  and  in  this  class  are  included  all  conveyors  which 
have  segmented  areas  for  carrying  dough  pieces,  are  composed  of  equip¬ 
ment  whieh  moves  the  dough  in  metal  pans,  troughs  or  buckets,  wooden 


toys  or  canvas  loops.  Fig.  98  illustrates  schematically  an  overhead  trav 

r'rr  ,t' 

evils  and  consequentlv^has  n  special  virtues  and 

"..i.  a 
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keeping  it  clean;  (2)  ease  of  replacement  and  economy  of  repair;  and  j 
(3)  its  adequacy  in  preventing  doubles  and  retaining  the  proper  form  of  i 
the  dough  piece. 

Fig.  99  illustrates  a  tray  type  of  intermediate  proofer  which  uses  canvas  ik 
loops  over  metal  frames  as  the  carrying  means.  Location  of  overhead  I 
proofers  of  this,  and  other  types,  must  be  carefully  planned.  They  should  I 


Fig.  98.  Diagram  of  a  Tray-Tvpe  Intermediate  Proofer  Showing 

Loading  Mechanism 


l,e  easily  accessible  from  all  sides  for  cleaning  and  mamtenance. 
foundation  should  be  level  and  capable  of  giving  a  frnn  base  to  the  p.oof 
They  should  not  interfere  with  free  movement  of  personnel  « 

around  them,  or  with  placement  and  function  of  otbei  make-up 

"’Tn  important  part  of  the  intermediate  proofer  is  its  loading  mecbani® 
This  machinery  takes  the  dough  pieces  winch  come  ^  ^ 

belt  in  single  file,  and  arranges  them  in  rows  m  the  receptacle  ot 
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intermediate  proofer.  The  proofer  trays  may  contain  spaces  for  2  to  8 
I  dough  pieces  placed  across  the  tray. 

Controlling  and  Adjusting  the  Intermediate  Proofer 

D  Intermediate  proofers  of  all  types  are  equipped  with  variable  speed 
controls  which  can  be  used  to  determine  the  length  of  time  dough  pieces 
spend  within  the  cabinet.  An  absolute  maximum  of  dwell  time  is  dic¬ 
tated  by  the  maximum  capacity  of  the  proofer  and  the  rate  of  output  of 
the  divider  and  rounder.  If  an  attempt  is  made  to  slow  the  machine 
helow  this  point,  doubles  will  accumulate  in  the  dough  pockets  or  on 


Courtesy  of  American  Machine  and  Foundry  Co. 

Fig.  99.  Overhe.4,>  Intehmedi.^te  Proofer  Using  Canvas  Loops  Over  Metal 

THAMES  AS  THE  CARRYING  MeANS 


the  belts.  Below  this  maxi.mim  level  of  capacity,  the  correct  time  for 

the  dough  piece  to  stay  within  the  cabinet  is  determined  bv  the  period 
necessary  to  condition  the  dough  properly  '  ‘ 

No  large  capacity  (over  .3,000  Ibs./hr.)  intermediate  proofers  are  avail 

i;trXircoZZed^:rmtt 

b.ngh.  .A  moderate  atrof  I  *6 

significant  observable  differences' in  Te  Zislied 

t.ons  usually  remain  fairly  constant  over  e.xtended  period'ZmdZZ^^ 
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temperature  and  equilibrium  relative  humidity  of  the  dough  do  not  usually 
vary  a  great  deal,  the  former  being  largely  determined  by  the  temperature 
in  the  fermentation  room  and  the  latter  by  dough  composition,  insuperable 
difficulties  in  adjusting  the  intermediate  proofer  seldom  occur.  It  is  cer¬ 
tainly  desirable  to  have  means  for  controlling  the  temperature  and  rela¬ 
tive  humidity  of  the  interior  of  the  intermediate  proofer,  however.  Some 
modern  cabinets  of  relatively  low  capacity  do  have  air  conditioning  units, 
or  provision  for  ventilating  with  air  from  an  outside  source.  Others  could 
be  improved  by  the  addition  of  steam  outlets  to  provide  additional 
moisture.  Opening  the  doors  of  the  cabinet  to  reduce  the  humidity  or 
temperature  is  inadvisable  because  it  creates  drafts  with  resultant  erratic 
behavior  of  the  dough  pieces,  e.g.  crusting,  insufficient  proof,  etc. 

Maintenance  of  intermediate  proofers  is  a  matter  of  keeping  the 
machine  cleaned  and  lubricated.  The  pockets  or  belts  accumulate  coat¬ 
ings  of  dusting  flour  and  dough  and  must  be  cleaned  frequently.  This 
process  requires  removal  of  the  trays,  buckets,  or  belts,  and  thorough  wash¬ 
ing  of  them.  The  schedule  for  cleaning  is  dependent  upon  the  climate, 
the  susceptibility  to  infestation  of  the  plant,  and  other  factors. 

The  Baking  Industry  Sanitation  Standards  Committee  has  enunciated 
the  following  general  principles  of  design  and  construction  for  mechanical 
( intermediate )  proofers : 


“Product  Zone 

( 1 )  All  surfaces  in  contact  with  the  dough  piece  shall  be  impervious  to  flour, 
dough  and  resist  the  effect  of  the  acids  and  other  products  of  dough  fermenta¬ 
tion,  and  capable  of  being  readily  cleaned  and  sanitized.  This  shall  not  apply 
to  fabric  liners  or  belts  that  can  be  removed  for  cleaning. 

(2)  All  surfaces  shall  be  smooth,  of  non-toxic  material  and  free  from  loose 
scale,  pits,  cracks,  crevices,  and  other  imperfections  and  not  contain  stampings  p 


or  embossings. 

(3)  All  surfaces  and  areas  within  the  product  zone  should  be  readily  acces-- 
sible  to  both  sight  and  reach. 

(4)  All  inside  corners  and  intersections,  other  than  in  parts  that  can  be- 
readilv  removed  for  cleaning,  shall  he  rounded  or  cone  shaped,  with  not  less  ? 
than  one-sixteenth  inch  minimum  radius  of  curvature,  to  minimize  retention  ot 

flour,  dust  or  other  material.  .  u  j 

(5)  Set  screws,  keys  aml/or  other  projections,  also  mside  threads  tapped 
holes,  keyways,  sockets  or  other  recesses,  should  be  avoided.  Nuts  shal 

placed  so  as  to  form  pocket  patterns.  j  .  4.1  he 

(6)  All  product  zone  enclosures  shall  be  so  designed  hat 

readily  opened  for  inspection  and  cleaning,  and  reclosed  . 

minimum  of  time,  with  fewest  possible  loose  parts,  and  by  use  of 

Solder  shall  contain  not  more  than  5  per  cent  lead  and  ^ 

material  Sdver  solder,  consisting  mainly  of  silver,  copper  and  zinc,  shall  not 

contain  cadmium  or  other  toxic  mateiials. 
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‘  (8)  When  sheets  or  plates  are  permanently  joined  they  should  preferably 

be  butt  welded  with  the  welds  ground  smooth  in  the  product  zone.  If  hori¬ 
zontal  lap  joints  are  necessary  the  upper  sheet  shall  lap  over  the  lower  sheet. 
All  lapped  joints  shall  be  scarfed  and  the  joint  filled  and  smoothed. 

(9)  Bearings  shall  be  of  the  sealed  or  self  lubricating  type  wherever  pos¬ 
sible.  If  the  bearings  cannot  be  removed  for  cleaning,  they  should  be  pressed 
|into  the  housing  and  sealed  to  prevent  flour  from  seeping  into  the  space  be- 
itween  the  bearing  and  the  housing.  Where  it  is  possible,  the  bearings  shall  be 
out-board.  Where  lubrication  is  required,  the  design  and  construction  shall 
jbe  such  that  lubricants  cannot  leak,  drip,  or  be  forced  into  the  product  zone.” 

1  “Non-Product  Zone 

(1)  All  bolt  heads  and  nuts  shall  be  set  so  that  they  do  not  form  pocket 
Patterns  or  areas  hard  to  reach  for  cleaning. 

(2)  Housing  or  guards  around  sprockets,  chains,  shafts,  pulleys,  etc.,  shall  be 
removable,  or  be  fitted  with  easily  removable  covers  to  provide  for  access  and 
Meaning.  These  may  be  fitted  with  hinges. 

!  (3)  All  joints  and  edges  where  two  members  are  permanently  joined  or 

japped  shall  be  properly  filled,  welded,  or  smoothed  to  prevent  cracks  or 
recesses  that  may  retain  flour  and  dust,  or  harbor  contamination. 

■  (4)  All  surfaces  shall  be  accessible  to  both  sight  and  reach. 

i  (o)  Metal  or  other  non-absorbent,  odorless,  non-splinterable  material  shall 
!)e  used. 

I  (6)  Hinges  shall  be  of  the  loose  pin  or  take  apart  type  and  shall  not 
jontain  cracks  and  crevices  that  cannot  be  cleaned. 

(7)  Surfaces  shall  be  reasonably  smooth  with  castings  free  of  coarse  sand 
(inpressions  or  blow  holes.  The  base  frames  and  supporting  members  shall  be 
:  esigned  to  be  cleaned  easily  and  shall  be  free  of  pockets,  crevices  and  other 
'iiaccessible  spaces  where  flour  may  collect  or  insects  develop.” 


MOULDERS 

function  of  the  Moulder 

In  the  bread-making  plant,  the  moulder  receives  pieces  of  dough  from 
le  intermediate  proofer  and  shapes  them  into  cylinders  ( loaves)  ready 

types  of  moulders  each  of 

leet  7  7'  “"m ie  common: 

mg  curling,  rolling,  and  sealing.  Some  writers  consider  the  last  two 

i'sch  simultaneously.  Fig  100  is 

1  intermediate  proofer  is 

IromltraTh^rtet  *P>’eroid  out  still 

»ages  of  moulder  operation.  Thi^  effecT7usii’dr'*’"/''^''7‘1 
(rore  (usually  three)  consecutive  pairs  of  rollers  each T  V 

-eing  set  more  closely  together  than  thn  n  ?  ’i  succeeding  pair 

y  togetner  than  the  ones  which  precede  it.  The  first 


446 


BAKERY  TECHNOLOGY  AND  ENGINEERING 


pair  of  rolls,  called  the  head  rolls,  exerts  only  a  relatively  slight  pressure- 
on  the  dough  piece.  The  second  set  of  rolls,  the  center  rolls,  operate; 
at  an  intermediate  pressure.  The  last  set,  which  may  be  called  eitheri 
the  sheeting  rolls  or  the  lower  rolls,  exerts  the  maximum  pressure  on  the;- 
dough  sheet.  In  the  case  of  a  reverse  sheeting  moulder,  there  are  two 
single  rolls,  the  reversing  roll  and  the  receiving  roll,  which  intervene;^ 
between  the  center  rolls  and  the  lower  rolls.  The  gradual  reduction  iir 


FROM  PROOFER 


thickness  effected  by  this  multiple  roller  system  minimizes  the  punishment 
received  by  the  dough,  so  that  tearing  and  similar  problems  are  reduceclJ 
Sometimes  a  single  “flattening"  roll  is  located  above  the  infeed  conveyoi- 
to  the  moulder.  The  flattening  roll  performs  an  initial  slight  reduction3 
in  thickness  of  the  dough  piece  which  facilitates  its  engagement  by  the 


first  pair  of  rolls.  , 

In  the  past  few  years,  it  has  become  fairly  common  to  encase  the  slice  . 

ing  rolls  with  Teflon  sleeves  in  order  to  render  them  resistant  to  adhesioir 

to  the  dough  pieces.  When  the  moulder  sheeting  rolls  have  not  heei 

treated  in  this  manner,  scrapers  are  placed  so  as  to  assure  the  separatioi 

of  the  dough  sheet  from  the  rollers. 

After  the  dough  has  been  sheeted  out,  it  is  curled  up  n,to  a 
cylinder.  This  operation  is  conventionally  performed  by  a  speci. 
rolls,  as  indicated  in  Fig.  100.  Alternately,  it  is  accomplished  by  a  i . 
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canvas  belts.  The  lower  conveyor  belt  moves  the  dough  piece  forward 
until  the  upper  curling  belt  or  mat  engages  tlie  front  end  of  the  piece, 
brings  it  back,  and  curls  it  up  into  a  loose  cylinder.  A  more  advancetl 
development  substitutes  a  short  length  of  woven  metal  mat  or  linked 
thin  metal  bars  for  the  upper  curling  belt.  In  these  machines,  the  metal 
curling  device  is  affixed  just  above  the  conveyor  belt,  with  one  end  resting 
on  the  belt.  As  the  dough  piece  passes  under  the  curling  device,  the 
weight  of  the  latter  creates  enough  drag  to  pull  the  forward  end  of  the 
dough  piece  up  and  retain  it  while  the  conveyor  belt  rolls  the  piece  into 
a  cylinder. 

The  layers  in  the  cylinder  of  dough  are  not  tightly  adherent  when  it 
leaves  the  curling  section.  The  next  function  of  the  moulder  is  to  seal 
thoroughly  the  dough  piece  so  that  it  will  expand  into  the  typical  loaf 
shape  when  it  is  proofed.  In  addition  the  cylinder  of  dough  is  lengthened 
so  that  its  axial  dimension  is  somewhat  greater  than  the  length  of  the 
pan,  and  entrapped  air  between  the  dough  layers  is  expelled.  The  con¬ 
ventional  moulder  achieves  these  results  by  rolling  the  dough  cylinder 
between  a  large  drum  surfaced  with  canvas  and  a  semi-circular  com¬ 
pression  board  having  a  smooth  surface.  Clearance  between  the  drum 
and  board  is  gradually  reduced  along  the  route  of  dough  travel  so  that 
the  piece  is  constantly  in  contact  with  both  surfaces  and  gradually 
becomes  compressed. 

An  integral  component  of  most  modern  moulders  is  the  automatic 
panning  device.  1  he  empty  pans  are  carried  by  a  conveyor  past  the  end 
of  the  moulder,  and  the  loaves  are  transferred  from  the  moulder  and 
positioned  in  the  pans  by  an  apparatus  operated  by  compressed  air. 

lypes  of  Moulders 


As  the  dough  piece  passes  tlirough  the  sheeting  rolls,  there  is  a  tendeiiev 

r  TT^i rM c*f  1 1  4- ..-V i-  .  1  1  ' 


of  the  dough  sheet  into  the  center  of  the  loaf 


avoid  folding  the  dry  end 
S  uccess  f  u  1  de  vel  opments 
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have  iiic'luded  the  cross  grain  moulder  and  the  reverse  sheeting  moulder- 
The  former  type  curls  the  dough  sheet  at  right  angles  to  its  direction  oi 
travel  through  the  sheeter  rolls.  As  a  result,  the  wetter  edge  of  the  dougl. 
forms  one  end  of  the  loaf  rather  than  the  outside  layer.  Tlie  cross  ovei 
effect  is  achieved  by  changing  the  direction  of  travel  of  the  dough  9(t’ 
degrees  after  it  leaves  the  sheeting  rolls.  According  to  Hunter  (1949)f 
the  first  machines  developed  used  a  turnover  or  “flip-flop”  method  O'i 
transfer,  while  a  slide  transfer  or  “shoot-over”  method  later  came  into  use  ; 
Fig.  101  illustrates  a  cross-grain  monlder-panner  which  uses  the  slichvj 
transfer  system. 


S 

Courtesu  of  Stickclber  and  Sons,  Inc. 
Fig.  101.  Cross-Grain  Moulder-Fanner 


The  reverse  sheeting  moulder  w;is  devised  to  curl  the  sheet  of  doug: 
so  that  the  wet  end  of  the  piece  would  he  folded  into  the  center  of  tin 
loaf.  The  dough  piece  is  turned  over  or  reversed  hetween  the  second  r. 
third  set  of  rolls  (between  the  center  rolls  and  the  sheeting  ro  s)  ni 
placing  the  original  trailing  end  (or  wet  end)  in  the  leading  pos.t.oa 
Figure  102  is  a  diagram  of  a  moulder-panner  which  includes  the,,, 

"Tnoirr'type  of  moulder  that  was  developed  primarily  to  give  loavi. 
with  more  unifonn  cell  structure  twists  the  dough  pieces  aftei  they  h.n. 
been  rolled  into  cylinders.  Twist  bread  has  been  very  popular  in  son.i 
Sions 'd  the  coimtry  for  many  years.  The  twisting  was  former  y  clo 
entirely  by  hand,  an  obviously  uneconomical  practice  in  this  highly  co 
;eHt!ve  iiKhistry,  Machines  are  now  .available  - -h  w,  1  perfo  n  th 
twisting  at  a  rapid  rate  and  with  results  .as  good  or  bettei  th. 
achieve^d  by  hand  twisting.  Fig,  10.3  illustrates  a  comhination  moiil 


I 

I 


i 


Fig.  102.  Diach.-^m  of  a  Reverse-Sheeting  Moulder-Panner 


450 


BAKERY  TECHNOLOGY  AND  ENGINEERING 


twistcT-panner.  The  dough  cylinder  falls  into  the  U-shaped  cups  showi 
at  the  right  end  of  the  machine  and  then  is  twisted  by  a  rotary  movement 
of  the  cups. 

Controlling  and  Adjusting  the  Moulder 

The  first  adjustment  (in  terms  of  sequence  of  the  processing)  possibll 
on  the  moulder  is  the  setting  of  the  head  rolls.  According  to  Mohr  ( 1949 
most  steel  head  rolls  are  run  with  an  opening  of  0.140  to  0.180  in.  Witt 
plastic  covered  sheeting  rolls  of  equivalent  size,  it  is  possible  to  rediio 
the  opening  to  0.060  in.  Many  authorities  seem  to  feel  that  the  closu 


Fig.  103.  A  Mouldeh-Twister-Panneh 

these  rolls  can  be  set  without  tearing  the  dough,  the  better  will  be  tt 
grain  In  the  finished  loaf.  In  any  case,  the  optiniuna  setting  will  be  e 
fermined  by  the  conditions  existing  in  each  paiticu  ar  i  .  • 

denTthat  the  lower  sets  of  rolls  should  be  set  more  f 
set,  and  that  the  difference  between  the  first  pairs  shouU  g 

the  difference  in  settings  of  the  pP*'.,  ,jf  „iastic  covered  r« 

Adiustment  of  the  scrapers  on  the  head  rolls  (it  . 

jiTu  b.  i;..  vrSnStiX  i”* 

settings  create  friction  and  may  even  '"p" 

. . 

intermediate  ]>roofer. 
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'riie  length  of  the  dougli  cylinder  discharged  from  the  moulder  is 
governed  l)y  adjusting  rails  or  guides  lying  between  the  compression 
surfaces.  'I’hese  guides  should  be  far  euougli  apart  so  that  the  dough  piece 
is  just  slightly  longer  than  the  pan. 

Clearance  between  the  compression  surfaces  is  another  variable  which 
can  be  controlled  in  moulders.  Enough  pressure  should  be  exerted  on 
the  piece  to  seal  thoroughly  the  contacting  layers  of  dough.  Too  much 
pressure  will  result  in  dumbbell  shaped  pieces  and  consequent  misshapen 
loaves  of  bread.  Too  little  pressure,  in  addition  to  causing  inadequate 
seals  with  holes  in  the  bread,  may  give  dough  pieces  of  oval  longitudinal 
section  which  bake  into  misshapen  loaves.  Gradual  application  of  pres¬ 
sure  is  necessary  to  efficiently  remove  air  bubbles  from  between  the 
dough  layers. 

Dusting  flour  applicators  should  be  controlled  to  give  the  minimum 
rate  of  addition  consistent  with  the  prevention  of  stick  ups  and  other 
malfunctioning  of  the  machinery.  Too  much  flour  added  at  this  critical 
stage  will  result  in  spots  and  streaks  in  the  bread,  holes  due  to  poor  sealing, 
Lind  other  defects. 

Maintenance  requirements  include  lubrication  of  the  mechanical  parts, 
L-leaning  away  dough  particles  and  flour  from  the  working  surfaces,  and 
ipplication  of  divider  oil  to  the  rolls  after  cleaning. 

The  moulder  is  a  relatively  hazardous  piece  of  equipment.  The  Ameri- 
-■an  Standard  Safety  Code  for  Bakery  (Anon.  1947)  establishes  the  bl¬ 
owing  requirements  for  safe  operation  of  the  moulder: 


( 1 )  Hoppers.  Mechanical  feed  moulders  shall  be  provided  with  hoppers  so 
tZ  employees  hands  cannot  get  n 

"'i*  ‘he  in-running  rolls. 

!npl<wee'rh!,nd!'''‘'”'  humped  iri’he 

[each  o^he  employee  -‘hln  the 

fo  nt  in  d::x™:;7oTTe:nt![  ti-- 
a™  lot7  ctnm7!:!-*;yMrieal  s^lcl  ^hall 

C^^s  shall  he  tar  enough  from  revolving  parish  pLen”  a  stmi.^g'  o^phrchlg 

LSsth'dlT"^  77  " 

le  machine  for  holding  the  crank ’when  7  “‘’".he  provided  on  the  side  of 
connected  to  a  hmtt^witcnNrlrhr  r  ^fis 
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is  broken  and  the  machine  cannot  nin  unless  the  crank  is  returned  to  the  restiag. 
position  on  the  machine.” 

The  Code  brings  out  tlie  following  additional  points  about  safe  practicesi' 
in  moulder  operations: 

“(‘i)  Where  the  moulder  is  designed  for  direct  feed  from  proofers  a  few* 
pieces  of  dough  at  the  end  of  the  run  are  frequently  fed  into  the  hopper  by  hand. 
The  hopper  being  designed  for  mechanical  feed  does  not  give  the  necessary 
protection  for  hand  feed.  In  such  cases  it  is  recommended  that  the  dougll 
pieces  be  dropped  on  the  in-feed  conveyor. 

(b)  During  hand-feed  operations  dough  is  apt  to  be  sticky  and  cling  to  th(* 
operator’s  fingers.  It  is,  therefore,  much  easier  for  the  operator,  if  he  is  abl( 
to  throw  the  dough  into  a  hopper  that  is  deep  enough  and  has  a  rounded  edg(- 
which  will  allow  him  to  hit  the  hopper  regularly  with  each  stroke  of  his  hand 
thereby  releasing  the  sticky  dough. 

(c)  Some  moulders  have  been  installed  so  that  the  deliveiy  end  is  at  thi 
wrong  elevation.  The  operators  have  to  stoop  in  ordei  to  pick  up  the  dougl 
and  this  is  very  fatiguing.  It  has  been  suggested  that  all  installations  should  h" 
so  arranged  that  the  delivery  point  is  35  inches  above  the  floor. 

SPECIAL  MOULDING  AND  FORMING  MACHINES 


Sweet  Goods 


Dough  l)rakes  for  sheeting  out  sweet  doughs  have  been  used  for  man 
years.  In  principle  these  are  quite  simple,  being  a  set  of  long  horizonta, 
steel  cylinders  having  adjustable  clearance.  A  set  of  plates  or  chutes  ar 
provided  for  guiding  the  dough  into  and  out  of  the  rolls.  Usually,  tlii 
brakes  include  automatic  return  devices  which  bring  the  dough  back  int: 
the  hands  of  the  operator.  In  recent  years,  more  of  the  hand  operatior 
required  in  making  sweet  yeast-leavened  goods  have  been  mechanize- 
hv  ingenious  and  efficient  devices.  Fig.  104  illustrates  a  machine  whic 
automaticallv  sheets  the  dough,  applies  liquid  and  solid  flavoring  age,  t 
rolls  the  sheet  into  an  enrlless  helical  coil,  seals  the  dough  piece  and  cii 
it  into  the  desired  shape.  Several  firms  offer  machines  which  perfor. 
many  of  the  same  functions  and  operate  on  the  same  principles. 


Cookies 

Cookies  are  formed  by  two  major  types  of  process,  a 
cedure  or  an  extrusion  procedure.  The  latter  may  be  a  complex  proce^ 

is  extruderl  arouiul  a  center  extrusion  of  fig 

LTp^er;::  of  ff 
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Courtesy  of  Moline,  Inc. 


Fig.  104.  A  Mechanical  Bench  for  Sweet  Goods  Production 


Fig.  105.  An  Embossed  Moulding  Roll  for  Cookies 


Courtesy  o;  Baker  Perkins,  Inc. 


The  opening  may  be  circular  or  fancy  in  shape.  The  dough  strand  is  cut 

‘  Ir  "as  *in  tf  '’‘"ru  '7  reciprocated  across  tire  orifice, 

ibaVe  1  7  '^'***^  °1  c'iscs  running  across  the  lines  of 

(baked  cookies  as  they  exit  from  the  band  oven 

•  Cookies  produced  on  rotary  moulders  include  sandwich  types  and  all  of 
hose  with  embossed  designs.  (.4  steel  cylinder  whose  surface  i  ctiec 

sliiilissp 


454 


BAKERY  TECHNOLOGY  AND  ENGINEERING 


tlien  pressed  down  for  a  short  time.  The  crisp  wafer  is  manually  removed 
from  the  mold. 

Many  t)^^es  of  depositors,  enrohers,  etc.  are  available  for  applying 
the  fillings,  coatings,  and  similar  adjuncts  to  cookies  but  there  is  not 
sufficient  space  to  discuss  them  here. 

Soda  crackers,  club  crackers,  saltines  and  like  varieties  are  formed  by 
a  reciprocating  cutting  machine  which  divides  an  extruded  sheet  of  dough. 
In  addition,  crackers  are  “docked’  or  perforated  by  pins  in  order  that  the 
cracker  will  retain  its  Hat  shape  during  baking. 

CONCLUSION 


Summary 


In  the  preceding  discussion,  each  machine  in  the  make-up  complex  has 
been  considered  in  the  secpience  in  which  it  appears  in  the  processing  line. 
4'he  dough  is  changed  by  these  machines  from  a  formless  mass  filled  with 
gas  bubbles  of  greatly  varying  size  to  a  cylindrical  piece  of  loaf  size 
iiaving  small  vacuoles  well  suited  to  yielding  a  uniform  grain  m  the 
finished  loaf.  The  importance  of  integrating  speeds  to  secure  maximum n 
efficiency  has  been  emphasized,  and  the  difficulty  of  predicting  the  exact  j 
treatment  which  will  yield  optimum  results  under  the  unique  conditions  j 
existing  in  each  bakery  has  been  pointed  out.  Certain  constant  factors2| 
^^'hich  are  more  or  less  independent  of  the  variations  in  conditions  fromi 
plant  to  plant  were  listed  for  each  device. 


Future 


It  is  clear  enough  that  the  trend  for  the  last  couple  of  decades  has  been  ; 
in  the  direction  of  reducing  human  effort  in  the  manufacture  “f 
foods  The  arduous,  inefficient,  and  error-prone  manual  operation  o 
he  past  are  being  supplanted  at  a  steadily  increasing  pace  by  auton  a  ^ 
cally  controlled  devices.  As  this  trend  progresses 

other  more  complex  processing  steps,  the  bakery  artisan  will  find  1  ^ 
phme  taken  by  the  engineer  and  the  cereal  scientist  r^o^  am  ^a^  .c| 
(piantitate  those  factors  with  which  he  has  i.u  i„£,je.,se  thaj 

X- ■Sai:^’’"  -""kriz  '1:;  afford  m  automat 

pressure  agm  recognizes  that  his  chance  fo 

llsssssss 

follv. 
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There  is  little  doubt  that  many  or  all  of  the  bread  forming  devices 
which  have  been  described  in  this  chapter  will  eventually  be  replaced  by 
some  variety  of  continuous  processing  apparatus  controlled  by  feedback 
methods,  although  there  is  no  intention  to  imply  that  this  change  will 
occur  even  within  the  next  decade  or  two.  A  close  examination  will  show 
us  that  economic  pressures,  labor  problems,  and  the  opportunity  for 
better  product  control  will  eventually  force  these  changes  no  matter  how 
much  tradition  and  sentiment  incline  us  to  the  opposite  view. 
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CHAPTER  17 


Hugh  K.  Parker 


Continuous  Bread  Making  Processes 


The  oldest  bakers  in  the  trade  today  will  no  doubt  recall  expressing 
hope  or  expectation  that  their  laborious  efforts  would  some  day  be  re¬ 
placed  or  improved  upon  by  some  revolutionary  mechanical  means  of 
producing  a  loaf  of  bread.  Step  by  step  these  dreams  have  evolved  into 
such  realities  as  mechanical  mixers,  traveling  ovens,  mechanical  dividing 
and  molding,  and  on  to  the  fully  automatic  modern  large-scale  bakery  of 
today. 

In  some  modern  bakeries  the  make-up  equipment  before  the  doughs 
enter  the  proof  box  has  undergone  rather  drastic  changes  within  the  past 
few  years.  In  1953  My  Bread  Baking  Company  at  New  Bedford,  Massa¬ 
chusetts,  installed  a  continuous  bread-making  process  for  preparing  white 
pan  bread  at  the  rate  of  about  60  one-pound  loaves  per  minute.  After 
about  a  year  of  experimental  operation,  the  process  was  put  into  full  scale 
operation  and  has  been  in  constant  and  expanding  production.  By  the 
end  of  1959,  59  units  were  in  operation.  This  process  has  the  trade 
name  “John  C.  Baker  Do-Maker”  and  is  marketed  by  the  Baker  Process 
Company,  a  Division  of  Wallace  &  Tiernan,  Incorporated,  of  Belleville, 
New  Jersey.  Dr.  John  C.  Baker  is  the  inventor  of  the  Do-Maker  Process. 
As  a  point  of  human  interest,  it  can  be  said  that  the  development  and 
final  acceptance  of  the  process  is  the  culmination  of  Dr.  Baker’s  dreams 
and  researches  that  cover  a  period  of  years.  Dr.  Baker  (1954)  described 
his  process  at  the  Thirtieth  Annual  Meeting  of  the  American  Society  of 
Bakery  Engineers  (see  Fig.  106). 

Another  continuous  process  has  been  in  operation  at  the  Fischer  Baking 
Company  in  Asbury  Park,  New  Jersey,  for  some  time-experimentally  at 
first  and  then  on  full  commercial  scale  in  1959.  This  is  the  AmFlow 
process  of  the  American  Machine  and  Foundrv  Company  in  New  York 
and  has  been  described  by  Cronen  (1959)  in  some  detail  (see  Fig  107)  ’ 

Both  the  Do-Maker  and  the  AmFlow  processes  are  designed  to  feed 
continuously  the  necessary  ingredients  of  the  baker’s  formula  to  a  mis-.. 
mg  device.  The  ingredients  are  thoroughly  mixed  together  to  a  homog¬ 
enous  mass  .and  passed  on  to  a  dough  pump,  where  the  rate  of  dough 


Hu(;i.  K.  Pahkek  is  a  consultant  to  the  food  industries. 
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tached  piece  of  equipment  whicli  divides  and  continuously  extrudes.- 
the  shaped  dough  of  proper  weight  into  pans  moving  below.  The  pans 
are  moved  in  synchronization  with  the  cutting  knives  of  the  divider,  so»: 
that  each  piece  of  dough  is  properly  placed  in  the  pan  and  is  ready  for- 
the  proof.  The  mechanical  details  of  the  two  processes  are  different  and, 
some  differences  may  be  noted  in  the  end  result,  but  this  general  descrip¬ 
tion  is  for  the  purpose  of  illustration  and  indicates  continuity  in  bothii 
processes. 

Figs.  106  and  107  are  intended  to  show  the  overall  processing  froim 
ingredient  addition  to  the  deposit  of  the  shaped  dough  piece  into  pans? 
moving  to  the  proof.  It  should  be  remembered  that  the  ultimate  ini 
continuous  processing  is  to  produce  a  uniformly  well  risen,  beautifully 
textured  bread  of  good  flavor. 

The  purpose  of  this  chapter  is  to  discuss  and  describe  these  most  recentl 
additions  and  improvements  and  to  show  how  these  fit  into  present  day 
big  scale  operation.  The  discussion  will  begin  with  the  preparation  of! 
typical  white  panned  bread  in  the  United  States  as  produced  by  contin¬ 
uous  processes.  The  formulas  used  have  some  range  in  respect  to  choice 
and  amounts  of  ingredients  used,  and  in  general  are  not  too  differenU 
from  conventional  formulas.  Some  ingredients  contribute  Havor  over  ami 
above  fermentation  effects,  which  are  necessary  for  good  bread.  Table 
72  has  been  drawn  up  to  list  ingredients  and  remarks  follow  to  explain 

certain  functional  effects. 

'I'.ABI.E  72 

1  >/o  to  6  lbs- 
4  to  8  07.. 

1 

0  to  4  07. 

0  to  5  07. 


1  Optional  ingredients. 


Flour 

Water 

Salt 

Yeast 

Sugar 

Shortening  (mono-,  cliglyc 
erides' ) 


l  ORMUL.A  R.\NGF.  FOR  CONTINUOUS  PROCF:SS  BRE.‘\D 

ino  lbs. 

as  required 


1  V.  to  2V4  II 

2  to  3  lbs. 

6  to  12  lbs. 
l‘/2  to  3  lbs. 


)S. 


Milk 

Yeast  Food 
Vitamin  Tablet 
(lalcium  acid  phos¬ 
phate- 

Mold  inhibitor^ 
Bromate  and  iodatc 


Ingredients 

Vpnst  —  As  described  above,  is  more  or  less  the  standaid  type  o  coni^ 
prissed'yeast.  Active  dry  yeast  can  also  be  used  if  the  nrannfactnrer, 

instructions  are  carefully  followed.  j„vtmsp  can  be  used  fo» 

Siigar.-Either  sucrose  (cane  or  beet  sugar)  o  polled  bv  tin 

carbohydrate  fermentation.  Sweetness  m  bread  can  be  controliecl  , 

amouni  of  sugar  remaining  after  fermentation 

Shortening.-Lard  or  hyd^ogena  ed  v^g  softeners,  such  as  mono 

The  shortening  usually  also  carries  t 


1  Broth-fermentation  tanks 

2  Broth  transfer  pump 

3  Broth  reservoir  tank 

4  Broth  constant-level  tank 

5  Broth  feeder 

6  Broth  heat  exchanger 

7  Oxidation-solution  tank 

and  constant-level  tank 

8  Oxidation-solution  feeder 

9  Shortening  blending  tank 


Shortening  holding  tank 

11  Shortening  feeder 

12  Flour  feeder 

13  Flour  feeder 

14  Flour  sifter 

15  Premixer 

16  Dough  pump 

17  Developer 

18  Divider 

19  Banner 
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Fig.  106.  Flow  Sheet  of  the  Do-Maker  Proces.s 
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and  di-glycerides,  tartaric  acid  esters,  etc.  The  shortening  should  have 
plastic  properties  satisfactory  for  working  with  wann  doughs  (up  to 
104  F. ).  In  most  cases  the  addition  of  3  to  5  per  cent  hydrogenated  lard 
or  cottonseed  flakes  (M.P.  140°F. )  helps  to  insure  plasticity  of  low  melt- 
ing  materials.  At  the  same  time  the  addition  of  flakes  permits  use  of 
95  per  cent  lard,  and  thus  may  indirectly  add  to  the  flavor,  since  the  low 
melting  fats  are  often  more  flavorful. 

Milk.— Spray-  or  roller-dried  milks  are  used.  These  should  he  of  bak¬ 
ery  grade  quality— heat  treated  sufficiently  so  that  adverse  effects  will  not 
he  found  in  dough  properties.  Off-odor  or  off-flavor  milk  should  not  he 
used  in  the  production  of  quality  bread.  Milk  serves  as  a  buffer  in  the 
broth,  and  thus  acidity  is  controlled.  Apparently  milk  acts  in  some  man¬ 
ner  as  a  bio-catalyst  to  improve  the  liveliness  of  the  yeast,  and  also  serves 
to  supply  the  yeast  with  some  nutritive  material.  Good  quality  milk 
contributes  a  milky  flavor  to  the  finished  bread  if  used  in  sufficient 
amount. 

Salt.— Salt  contributes  its  useful  flavor  effect  in  the  ranges  noted  above. 
More  than  2.25  per  cent  seems  objectionable. 

Yeast  Foods.— The  bromate  type  yeast  food  can  be  used  conveniently 
and  is  used  in  pre-ferment  processes  for  its  ammonium  salt  content  rather 
than  its  bromate  content.  The  calcium  salt  present  helps  dough  develop¬ 
ment  properties,  especially  in  regions  where  the  water  is  naturally  soft. 

The  bromate-iodate-phosphate  type  of  yeast  foods  are  also  useful  as  a 
source  of  ammonia  nitrogen  for  yeast  stimulation,  and  the  calcium  phos¬ 
phate  helps  strengthen  dough  properties  and  may  be  more  useful  in 
some  districts  than  in  others.  The  calcium  phosphate  is  useful  where  the 
flours  are  slightly  on  the  weak  side,  and  mention  of  it  in  the  formula  above 
shows  that  it  can  be  added  by  itself  for  improvement  of  dough  structural 


purposes.  . 

Floiir.-Flours  that  make  acceptable  bread  by  conventional  methods 

will  usually  be  found  to  operate  satisfactorily  in  continuous  operation. 
It  is  advantageous  to  have  an  economical  source  of  supply  of  flour  of  uni¬ 
form  quality  and  performance.  Most  flours  being  used  will  have  from 
112  to  13  per  cent  protein,  will  have  good  tolerance  to  mixing,  anc  ye 
will  not  be  long  mixers.  Good  flours  yield  doughs  of  good  machinability 

and  flow  properties.  i  i  i 

Flours  carrying  a  large  amount  of  broken  starch  and  making  c  oiig 

of  sliort  breaking  properties  are  clifficnlt  to  process. 

Some  of  the  physical  metliods  for  testing  dongli  characte.istics  seei 

,0  be  useful  in  cletennination  of  flour  quality  satisfactory  to  c'out.m,™ 
operation.  The  measurement  of  mixing  time  requirements  a.ul  r  oi^l 
Sensibility  are  examples.  For  more  detail  the  reader  is  referred  to  .. 
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)  Fig.  108.  Do-Maker  Fermentation  Tanks 

i|  Stirring  equipment  and  thermometers  are  shown  above  the  tanks.  On  the  right  is  a 
I  transfer  tank  and  a  constant  level  device. 

H  paper  read  by  Fortmann  (1959B)  at  the  Association  of  Operative  Millers 
^  meeting  in  Chicago,  1959. 

Bakers  patent  flour  of  itself  has  a  bland  mild  flavor,  which  can  carry 

I  through  into  the  bread  at  times.  Some  authorities  say  that  flours  differ 

m  flavor  and  aroma,  but  these  effects  are  usually  overpowered  by 

t  fermentation  and  processing.  Flour  should  be  rated  rather  as  a  carrier 

:  of  flavor  than  a  marked  contributor.  Unsound  flours  may  have  an  off-odor 

;  of  mustmess  or  rancidity.  In  some  cases  flour  will  absorb  foreign  odors 

^  m  storage  or  shipment  which  can  go  through  processing  into  the  finished 

bread.  These  last  two  statements  are  not  new  to  the  experienced  conven- 
c  tional  baker. 

Mold  inhibitors  -Such  as  sodium  or  calcium  propionates,  or  sodium 
.  .  cetate,  are  added  especially  m  warmer  regions  or  in  the  summer  to 

I  lessen  loss  by  mold.  At  the  higher  levels  the  propionates  can  contribute 

.  serverr  Nl'me  tha”  n  t  “  undesirable  by  some  ob- 

■  evr  t  n-  c  1  slow  down  yeast  action  to  some 

.  ent  Diacetate  at  higher  levels  can  add  a  sour  flavor 

■  '--vers  to  enhaiice  stability  ilnd‘i  rll^.r  LrditS^ 
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Fig.  109.  AmFgow  Horizontal  LiQUin  Sponge  Tank 
In  the  background  to  tlic  left  is  the  holding  tank. 


40  p.p.m.  hromate  and  10  p.p.ni.  iodate  will  usually  produce  the  desired 
effect.  The  parts  per  uiilliou  are  based  upon  the  flour  weight. 

In  summary,  ingredients  can  play  a  role  in  flavor:  sweetness,  >'eastiness, 

milkiness,  and  saltiness. 


Pre  ferment  Procedures 

The  pre-ferment  of  tlie  Do-Maker  process  is  called  the  “l.rotli,"  tlnit  of 
the  AniFlow  process  in  its  final  state  is  known  as  “liqnid  -Tonge  -the 
basic  ingredient  difference  being  that  the  latter  contains  some  Horn .  Dthc 
terms  to  describe  the  pre-ferment  are  “brew,”  “ferment,  etc. 

Figs.  108  and  109  illustrate  the  equipment  used  to  produce  both 

of  pre-ferment. 

Do-Maker  Procedure 

The  Do-Maker  broth  is  prepared  at  a  definite  time  in  _ 

need  for  mixing  with  Hour,  shortening,  and  oxidizing  agen  s  i 
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Tlie  time  of  fermentation  begins  when  the  yeast  is  added  to  the  solution 
of  sugar,  milk,  salt,  yeast  food,  vitamins,  and  mold  inhibitor  and  ends 
when  the  fermenting  liquor  is  pumped  to  the  premixer— an  average  time 
of  from  2  to  2^/o  hours.  The  expected  conversion  of  sugar  to  carbon 
dioxide  and  alcohol  amounts  to  about  IV/ 1>  to  2  per  cent  during  this  period. 
At  the  end  of  two  and  one-half  hours  the  yeast  is  fermenting  at  a  lively 
rate,  and  its  action  will  bring  the  hydrogen  ion  concentration  down  to 
pH  4.7,  which  is  more  or  less  controlled  by  the  buffering  action  of  the  milk 
content  of  the  broth.  The  products  and  effect  of  such  fermentation  have 
been  described  by  Lee  and  Geddes  (1959),  Maselli  (1958),  Johnson  and 
Miller  (1957)  and  others.  The  Do-Maker  ferment  conditions  the  yeast 
for  optimum  dispersion  of  gluten,  which  is  another  way  of  describing 
mellowing  of  the  dough  due  to  good  yeast  condition.  To  maintain  con¬ 
tinuity  each  broth  is  “set’  (yeast  is  added)  30  minutes  after  the  yeast 
addition  to  the  preceding  broth. 


The  properly  fermented  Do-Maker  pre-ferment  contributes  to  the  flavor 
of  the  finished  bread.  Additional  sweetness  can  be  obtained  by  use  of 
enough  sugar  to  satisfy  the  baker  and  his  particular  market.  A  long  fer¬ 
mentation  would  produce  a  sour  type  of  bread,  Imt  could  not  be  used  if 
dough  properties  were  adversely  effected.  Some  of  the  so  called  “sours,” 
cultures  of  acid  forming  bacteria,  could  be  used  if  conditions  of  time  and 
temperature  are  favorable,  and  here  again  the  effect  would  have  to  be 
controlled  so  that  dough  properties  would  not  be  adversely  affected. 

Some  of  the  products  of  the  fermentation,  such  as  alcohol,  are  volatile 
and  are  mostly  lost  during  baking.  Retention  of  these  ffavorful  volatiles 
IS  veiy  desirable  and  in  coarse  textured  bread  retention  is  possible  slightlv 
longer  due  to  less  surface  of  the  sliced  loaf  than  in  fine-textured  bread. 

Mention  of  this  effect  is  made  at  this  time  since  there  is  some  criticism 
of  fme-textured  bread  having  too  bland  a  flavor  and  even  conventionallv 
produced  brake  and  twist”  bread  would  be  in  this  category.  While 

Ilv  fi  “".‘""'"7  «  of  excep- 

cn,mb  to  "P**"  tlie  grain  of  tlie 

cunnb  to  resemble  conventional  bread,  if  there  is  a  demand  for  it 

co23r’  fi«e-textured  bread  can  be 

'■‘''fl'onal  sponge  and  dough.  '  The  lu/  ]’  ;  »{  con- 

-;o;.leohol  pnalnction  and  probably  the  sa,,::/;:  .mSe  mV 
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The  characteristics  of  these  pre-ferments  influence  the  resultant  dough 
properties  when  mixed  with  Hour  and  the  other  ingredients,  i.e.,  shorten¬ 
ing  and  oxidizing  agents.  In  general  too  long  a  fermentation  may  weaken 
the  doughs,  whereas  too  short  a  fermentation  will  not  sufficiently  mellow 
the  dough  for  best  mixing  and  for  good  machining  in  the  extrusion  process 
which  is  to  follow.  These  effects  are  somewhat  similar  to  those  found 
in  conventional  sponge  processes,  except  that  in  the  latter  at  dough  up, 
the  addition  of  fresh  flour  may  correct  for  some  difficulties  and  create 
slightly  more  tolerant  conditions  in  the  bake  shop.  The  pre-ferment  acts 
upon  all  fresh  flour,  so  to  speak,  and  thus  continuously  produced  dough 
resembles  the  straight-dough  process. 


Fic.  no.  Do-Makkh  CONTHOI.  Panki. 


1 


I 


Switches,  iiulicater 
the  l)iul<gr()uiKl. 


dials,  and  a  n'cordin^  wattmeter  an 
'I'he  conveyor  with  panned  dongli 
foreground. 


vdsihle  in 

is  in  the 
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Now  that  tile  ingredients,  tlie  preparation,  and  some  of  the  limitations 
and  characteristics  have  been  described  we  may  pass  on  to  how  this 
liquid  constituent  of  the  dough  is  conducted  to  the  premixer  which  serves 
as  an  assembly  point  for  dry  and  liquid  ingredients  (see  Fig.  106). 

The  Do-Maker  broth  is  pumped  from  the  fermentation  tank  to  the 
transfer  tank,  where  it  is  held  for  some  minutes  to  allow  emptying  of 
fennentation  tank,  and  level  out  the  feed  rate.  Then  it  flows  through  a 
constant  level  tank.  A  two-speed  pump  takes  the  liquid  from  the  constant 
level  device  and  forces  it  through  a  heat  exchanger  to  the  premixer. 

Since  there  is  the  usual  temperature  rise  of  10°  to  12°F.  in  the  yeast 
action  of  the  ferment  ( corresponding  to  about  the  same  amount  of  tem¬ 
perature  rise  in  the  conventional  sponge)  there  may  be  times  when  the 
ferment  should  be  cooled,  so  a  heat  exchanger  is  installed  between  the 


pump  and  the  premixer.  This  arrangement  makes  it  possible  also  to  ad¬ 
just  for  flour  temperature,  and  thus  bring  dough  out  at  the  right  tem¬ 
perature. 

The  flow  of  this  liquid,  as  well  as  other  liquid  and  the  dry  constituents, 
must  be  under  exact  control  and  must  never  stop  once  the  machine  is 
started.  In  the  Do-Maker  system  the  problem  is  solved  by  use  of  two- 
speed  motors  for  the  pumps  and  two-speed  motors  for  the  flour  feeders. 
These  are  actuated  by  the  load  in  the  balanced  premixer.  Too  much  load, 
for  example,  calls  for  the  use  of  the  two-third-speed  motor  while  too  little 
returns  tlie  pump  and  feeder  rates  back  to  full  speed. 

The  pump  and  feeder  speeds  are  at  the  full  speed  rate  95  per  cent  of 
he  time  and  at  two-thirds-speed  5  per  cent.  While  this  is  an  automatic 

Iredlent  a't  nT  oPP°rtunity  of  changing  each  individual  in- 

Do  MAke?)  T  “  '"Ceasing  or  decreasing  speed  rates  from  the  main 

indicated  and  ad'jurteT  f""''  ■‘''te  is  also 


AmFlow  Procedure 

nto  which  is  also  recycled  some  of  th  1-  ■  i  ‘  blending  tank, 

rx'd  “  ur-  r' 

.h.  w 
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about  the  consistency  of  In'i^li-solicls  milk.  Tlie  remainder  of  the  water 
is  added  at  tins  point.  A  lour-pronged  horseslme  agitatoi'  liokls  tike 
Hour  ill  suspension  while  fermentation  continues. 

From  the  holding  tank  the  liquid  sponge  is  pumped  to  the  horizontal 
tank  where  more  sugar  is  added  according  to  the  baker’s  need  for  sweet¬ 
ness,  and  to  be  sure  that  the  yeast  is  sufficiently  fed.  The  liquid  sponge 
continues  to  ferment  for  about  an  hour  before  it  is  pumped  to  the  in¬ 
corporator  where  the  assembly  of  oxidizing  solution,  shortening,  and 
major  part  of  the  flour  occurs.  As  previously  noted,  some  of  the  liquid 
sponge  is  recycled  to  the  blending  tank  in  order  to  take  advantage  of 
some  enzyme  and  fermentation  products  which  may  occur  in  Hour  and 
other  ingredients  to  improve  yeast  activity  and  final  Havor. 


Other  Premixer  Or  Incorporator  Ingredients 

Brief  mention  has  already  been  made  of  shortening  amounts,  functions, 
and  desirable  characteristics.  The  shortening  in  the  melted  state  is 
pumped  to  the  premixer  through  an  insulated  pipe  by  means  of  a  pump 


equipped  with  two-speed  motors. 

In  preparations  of  melted  shortening,  consideration  has  to  be  given  as 
to  whether  fully  hydrogenated  Hakes  (14()°F.  melting  point)  are  re- 
(piired  for  best  results  or  to  correct  for  a  shortening  lacking  in  plastic 
properties.  If  required,  the  Hakes  can  be  added  advantageously  in  the 

molten  state  to  the  melting  shortening. 

Should  the  baker  desire  a  softer  crumb,  the  permitted  softeners-mono- 
and  di-glycerides,  esters  of  tartaric  acid,  etc.,  can  also  be  added  to  the 
melting  shortening  in  the  blending  tank.  ( Softeners  in  the  water-emnls.on 
fomi  are  not  used  in  this  procedure  because  of  practical  difficulties. ) 
bakerv-blended  melted  shortening  thus  prepared  must  be  held  at  a 
shghtiv  higher  temperature  than  l:30°F.  or  such  so  that  the  eutectic  inj 
tore  or  blend  is  always  liquid  to  avoid  ciy-stalhzation  of  t>'e  higiei  n 
ing  constituents  (softeners,  Hakes).  Solidification  or  crystallization  cm  ^ 
stoppage  in  the  insulated  line  or  pump  between  melted  shoi  tening 

tank  and  premixer.  Shortening  failure  can  cause  poor  results. 

The  siHution  of  oxidizing  agents,  potassium  bromate  and  potassiu  n 
ioch  te  is  prepared  in  advance  of  its  need  and  in  sufficient  yoluine  to  U  ■ 
^  ^definitedme.  such  as  8, 12,  or  24  hours,  ddie  °  ^ 

made  up  into  solution  depends  upon  the  rate  of  ’^Xe 

haps  more  simply  upon  the  rate  of  flour  flow  s  nee  the 

treatment  is  adjusted  to  the  need  of  the  flour  for  that  fori 

pie,  the  Hour  needs  40  parts  per  million  o  bromate.  we 
tn  .ight-hour  run  making  60  one-ponnd  loaves  per  minute  the 
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will  be  40  lbs.  per  minute.  Thus  for  eight  hours  one  can  calculate  that 
40  X  60  X  8  or  19,200  lbs.  of  Hour  would  be  used,  so  by  direct  proportion 
(arithmetically)  0.77  lbs.  (equivalent  to  12.3  oz.  or  349.2  gm.)  of  potassium 
bromate  would  be  added  to  the  oxidation  solution  tank  containing  480  lbs. 
(57.83  U.  S.  gallons  of  water).  The  iodate  required  is  calculated  in  the 
same  manner,  and,  accordingly,  in  the  above  example  0.1925  lbs.  would 
be  used  for  19,200  lbs.  of  flour  if  the  treatment  rate  is  ten  parts  per  million 
( 10  p.p.m. ).  Both  of  these  oxidizing  agents  must  be  dissolved  completely, 
and  some  stirring  is  required  at  the  time  the  solution  is  prepared.  These 
reagents  are  approved  in  the  Bread  Standards  for  use  up  to  a  limit  of 
75  p.p.m.  in  sum  total;  for  example,  60  p.p.m.  potassium  bromate  plus 
15  p.p.m.  potassium  iodate  would  be  a  top  permissible  limit. 

It  is  the  function  of  these  oxidizing  agents  to  assist  in  the  preparation 
of  a  dough  of  good  physical  quality  so  that  optimum  gas  retention  proper¬ 
ties  lesult  during  development,  during  proof,  and  in  the  beginning  of 
the  bake.  The  iodate  reacts  rapidly,  and  probably  exerts  its  action  to  im¬ 
prove  mixing  development  and  also  to  increase  the  mixing  requirement. 
The  bi ornate  acts  more  slowly  and  does  its  best  work  during  late  proof 
and  in  the  fore  part  of  the  oven. 

As  in  conventional  operation,  the  flours  made  from  southwestern 

wheats  require  slightly  more  oxidation  than  those  made  with  the  northern 
spring  wheats. 


If  the  oxidizing  reagents  are  omitted  inadvertently,  unstable  doughs 
liave  to  be  processed,  and  small  volume,  coarse  grain,  and  coarse  texture 
Will  be  found  in  the  resultant  bread. 

It  should  be  pointed  out  further  that  in  Do-Maker  operation  the  one 
pound  of  oxidizing  solution  water  per  minute  must  be  taken  account  of  in 
die  fixing  of  the  proper  absorption  for  any  given  flour.  For  absorption 
calculation,  the  presence  of  the  oxidizing  agents  can  be  neglected  as  these 
CO  not  essentially  affect  solution  weight  or  volume.  To  be  consistently 
accurate  the  oxidizing  solution  is  pumped  to  the  Do-Maker  premixer  by 
means  of  two-speed  motored  pumps.  ^  ^ 

Flour.-Flour  is  supplied  in  a  controlled  manner  to  the  Do-Maker  pre 
xer  by  means  of  automatic  weigh  belt  gravimetric  feeders,  which  cle¬ 
ver  the  proper  amount  of  flour  per  minute.  A  sifter  is  located  ahead  of 

le  premixer  m  order  to  remove  extraneous  material  such  as  cloth 
string  etc.,  and  thus  serves  in  the  two  fnlrl  f  f*  ’  ^  sper. 


The  gross  flow  of  flour  has  to  be  provided  bv  mo  ms  nf 
..ent,  so  that  there  is  a  never  faihn ‘suppwt^L^^rt.^  au^ al  S 
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every  instant.  Both  pneumatic  and  suitable  conveyor  and  bin  systems  are 
being  used  successfully.  The  flour  can  be  shipped  from  the  mill  in  bags, 
Tote  bins,  tank  truck,  or  railway  car.  Automatic  unloading  and  controlled 
storage  systems  in  bakeries  are  in  accord  with  continuous  operation. 

Preliminary-mixing  Apparatus 

The  premixer  of  the  Do-Maker  process  functions  as  an  assembly  point 
for  the  liquid  ingredients;  i.e.,  fermented  broth,  melted  shortening,  and 
solution  containing  the  oxidizing  agent  as  well  as  for  the  dry  ingredient— 
the  flour.  Here  also  occurs  the  first  wetting  of  the  flour  with  liquids  and 
consequent  homogeneous  admixture  to  fonn  the  dough.  The  ingredients 
are  admitted  to  the  head  end  of  a  two-shafted  mixing  conveyor,  each 
shaft  of  which  has  a  series  of  blades.  The  dough  is  discharged  to  the 
dough  pump  at  the  exit  end.  By  measurement  of  the  torque  required  to 
mix  this  mass  of  forming  and  moving  dough,  it  is  possible  to  record  con¬ 
sistency — which  some  might  term  viscosity.  At  any  rate,  such  readings  i 
are  useful  in  observing  slight  changes  in  flow  of  ingredient  late,  and  more*i 
especially  to  help  keep  absorption  levels  at  a  steady  state.  The  assembled  J 
dough  thus  prepared  has  no  structure  and  little  gas  retaining  property,.] 
for  since  no  kneading  work  has  been  done,  no  development  has  occurred.. | 
In  the  Do-Maker  the  premixer  is  mounted  on  a  pivot,  and  overweight:| 
and  underweight  of  the  “through-flowing”  dough  is  corrected  as  describedlj 
earlier.  Moreover,  it  should  be  pointed  out  that  a  light  on  the  panel  in-n 

dicator  changes  with  the  full  to  two-thirds  pump  late. 

In  the  AmFlow  Incorporator  the  design  is  such  that  a  manual  adjustmentl] 
must  be  made  to  maintain  the  dough  flow  to  the  pump  ahead  of  the:^ 
developer  at  constant  pressure. 


Dough  Pump 

The  dough  pump  functions  as  a  regulator  of  dough  flow,  and  as  a  ineans^ 
of  forcing  dough  under  pressure  to  the  developer.  The  control  of  tha 
dough  flow  is  necessary  for  exact  dividing,  and  the  regulat.on  tl  e 
comes  from  the  main  panel  by  changing  the  speed  of  the 
this  control  the  sireed  of  the  divider  can  be  changed  if  conditions  wa 
rant  so  that  doiigLpiece  weight  can  be  adjusted.  Naturally,  for  a  ma)0  i 
Cnge  !:  dough  flow  rate,  af  called  for  from  the  panel,  ingredienbfl  J- 

rates  must  also  be  changed  aecordiii^gly.  For  f '"X 

change  of  dough  pump  speed  alone,  but  a  fe^« 

oi M 
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doiigli  iiicoiniiig  to  tlie  developer  and  outgoing  from  the  developer  is  a 
function  of  the  dough  pump,  and  pressure  is  required  to  maintain 
"through-put”  and  extrusion. 


The  Developer 

The  developer  is  really  one  of  the  most  interesting  and  important  ele¬ 
ments  of  continuous  operation,  for  at  this  point  the  dough  is  changed  from 
an  assembled  mass  with  no  structure,  no  strength,  and  no  property  of  gas 
retention  to  a  smooth  film-forming  body  ( the  dough  at  this  stage  can  be 
stretched  out  into  fine  coherent  and  extensible  films ) ,  which  has  superior 
strength  and  characteristics  for  holding  the  leavening  gas  which  will  be 
generated  in  the  subsequent  proof  stage.  The  kneading  work  done  in 
this  part  of  the  apparatus  is  done  on  a  substantially  de-gassed  dough,  and 
because  of  the  20  to  60  lbs.  pressure  involved  and  the  comparatively  high 
speed  mixing  action,  carbon  dioxide  is  driven  into  solution  and  into  the 
gluten  matrix  as  indicated  by  Dr.  Baker’s  (1954)  studies.  Such  effects 
can  in  part  explain  the  fine  grain  and  texture  of  continuously  produced 
bread.  Due  to  mechanical  work,  kneading,  folding,  stretching,  etc.,  there 
will  be  a  temperature  rise  in  the  finished  dough  of  18°  to  24°F.  depending 
upon  the  flour  used,  consistency  of  dough,  “through-put”  rate,  and  other 
conditions.  Roughly,  this  heat  rise  is  tlie  same  as  shown  in  conventional 


batch  mixers  of  600  to  1200  lbs.  capacity  indicating  that  mechanical  work 
required  to  develop  a  pound  of  flour  is  about  the  same  in  either  case,  but 
the  efficiency  difference  is  in  favor  of  the  continuous  operation. 

One  thousand  pounds  of  dough  in  conventional  operation  may  require 
ten  minutes  to  develop,  and  the  dough,  in  some  cases,  must  be  cooled  by 
ice  or  refrigeration  during  mixing.  In  contrast,  the  continuous  operation 
can  be  compared  on  a  per  minute  basis:  100  lbs.  of  dough  per  minute  are 
developed  in  90  seconds.  In  other  words,  the  work  is  done  on  smaller 
dough  increments  in  the  continuous  processes. 

The  work  in  the  Do-Maker  developer  is  accomplished  by  two  vertical 
mpellers  which  turn  at  a  speed  which  will  do  the  best  work.  Doughs  of 
ours  from  different  wheats  or  different  manufacture  require  different 
Upe  ler  speeds  (r.p.m.)  to  get  the  necessary  work  done  In  geneml 
he  stronger  flours  of  higher  protein  content  require  more  r.p  m  fhan  do 
■he  medium  strength  flours.  A  northern  spring  standard  patei"  ofabout 

bat  mterofn?'"  ><o»thwestern 

makers  patent  of  11.4  per  cent  protein  might  require  l‘^0  r  n  m  ii 

fpeeds  also  are  adjusted  to  take  care  of  “througCur 

Other  factors  which  mav  influencp  ih^  „ 
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Fic.  111. 
'I’lio  operator 


Do-Makkh  Extrusion  and  Panning  EqUirment 

is  changing  the  control  which  regulates  the  length 
of  the  clongh  piece. 


.nixing  ti.ne  i..  cnnventionul  operation,  a  slight  i.icrease  .n  r.p.n  s  s , 

in  the^Do-Maker.  The  higher  .nilk  or  shorte.hng  levels  -  « 

more  r.pan.,  possibly  to  allow  tor  more  contac  s  between 

separated  by  dilution  effect  of  the  inert  materials.  ^ 

Oxidizing  agents  can  affect  mixing  Lda- 

that  be.st  continuous  operation  retinues  lou^h  y 

ri  Port  of  this  increase  in  reciuireinent  may  be 
tion  as  conventional.  1  ^  ^  ..in.od  system  of  continuous  opera- 

to  lack  of  atmospheric  o.xygen  in  the  closet  y 

tion,  and  possibly  part  may  be  due  to  and 

constituent  due  to  yeast  fermentation  as  ^  Tfen  cle^ 

dongb  method.  Oxidation  seen  imnroves  gas  retention  and 

velopment  during  mixing,  ant  su 
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stabilizes  conditions.  Oxidation  of  flours  tends  to  lengthen  mixing  time 
in  the  conventional  and  increase  r.p.m.  in  the  continuous. 

Most  of  the  changes  in  mixing  requirement,  if  these  occur,  will  be 
seen  on  the  power  curve.  The  amount  of  power  used  in  mixing  the 
dough  is  continuously  shown  by  means  of  a  recording  wattmeter,  so  the 
operator  can  check  deviations  and  make  adjustments  on  the  panel  in 
cooling  water  at  the  heat  exchanger,  etc.  In  addition  to  the  recording 
wattmeter  control,  an  experienced  operator  can  usually  pick  up  differ¬ 
ences  in  appearance  of  the  extruding  dough  piece  to  detect  improper 
mixing.  Under-mixed  doughs  show  striations  or  laminations;  over-mixing 
is  indicated  by  a  glossy  surface  and  tackiness,  and  in  start-up  operations 
these  observations  are  helpful  in  proper  adjustment  of  r.p.m.  The  feel 
of  the  dough  and  its  capacity  to  stretch  and  he  drawn  into  films  also  helps 
the  operator  judge  development  progress  and  arrive  at  proper  mixing 
speeds.  The  usual  test  is  to  run  a  mixing  curve,  to  find  a  point  of  under- 
mixing,  then  over-mixing,  and  finallv  arrive  at  an  optimum.  With  a  flour 
of  critical  mixing  performance  the  r.p.m.  of  the  lower  limit  may  be,  for 
example,  115  r.p.m.;  the  upper  limit  125  r.p.m.  The  optimum  would  he 
120  r.p.m.  A  flour  with  good  mixing  tolerance  would  have  somewhat 


more  spread  in  the  r.p.m.  requirements;  for  example,  a  very  tolerant  flour 
with  an  optimum  of  120  r.p.m.  might  have  a  lower  limit  of  110  r.p.m.  and 
an  upper  limit  of  130  r.p.m. 

The  dough  is  continuously  developed  as  it  progresses  downward  to 
the  exit  of  the  developer,  and  should  he  fully  developed  as  it  passes 
through  a  narrow  slit  opening  to  the  extruder.  After  passing  this  point,  it 
IS  shaped  so  that  an  elongated  cylindrical  dough  piece  is  cut  off  by  op¬ 
posed  knives  as  it  is  extruded  from  the  divider.  The  knives  are  actuated 
in  synchronization  with  the  panner,  and  this  in  turn  is  timed  to  catch  the 
falling  dough  piece  in  a  properly  placed  pan  below.  The  timing  of  the 
panner  and  the  knife  stroke  is  adjusted  so  that  dough  pieces  of  the  de¬ 
sired  weight  are  eut  off.  MTen  the  operator  desires  to  change  the  length 
o  le  c  ough  piece,  adjustments  are  quickly  made  to  lengthen  or  shorten 
the  cut-oft  OTifice.  To  increase  tlie  weiglit  of  the  dough  piece  the  time 
le  cut-off  IS  lengtliened.  Some  of  tliese  adjustments  call  for  a  short 
period  of  time  during  whicli  the  developed  dougli  is  run  through  the 
anner  into  a  trougl.  below.  This  dough  is  fed  back  into  the  premise! 
at  a  ow  rate  ol  addition,  so  no  waste  of  material  occurs  nor  is  the  time 
.chedule  senonsly  affected.  Fig.  Ilf  shows  the  ilough  e4  di  g  md 

iMnnmg  operation  in  the  Do-Maker.  ' 

MTilo  h!^  extiuder  and  panning  equipment  of  the  AmFlow 

>0  I  w  t  :"Do-‘S7kcr 'Ir:  development  work  has 

tnc  IJo  .Make,  there  is  much  m  common  between  the  two  svs- 
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Part  of  the  control  panel  is  also  shown. 


terns.  However,  the  AinFlow  impeller  is  driven  hydraidically  rather  tham 
electrically  and  is  mounted  in  a  horizontal  position  in  contrast  to  the  verti¬ 
cal  alignment  of  the  Do-Maker  impeller.  E.strnsion  is  accomplished  iir 

a  somewhat  similar  manner  with  both  processes. 

Once  panned,  the  dough  is  conducted  to  the  proof  ho.s  or  chamher, 
where  it  is  allowed  to  ferment  to  height  or  time  if  a  continuous  pro'^r  is- 
used.  From  the  proof  the  dough  is  delivered  to  the  oven  as  usual.  T^ese.. 
steps  are  not  very  different  from  conventional  operation. 
will  be  noted  and  discussed,  and  for  the  first  instance  one  finds  the  pa  n  ed 
continuously  produced  dough  is  somewhat  more  sticky  since  no 

Hour  is  used  in  the  processing,  and  it  can,  and  the  same- 

absorption  than  conventional.  The  proof  time  is  approxima  ely  t''®  ^ 

The  dough  of  the  continuous  operation  will  not  tolerate  a  ‘  ^ 

so  careful  attention  is  paid  to  humidity  control.  In 

■ire  lively  and  very  uniform  in  their  rise  in  the  pi  oof  and  in 

iack  of  unfformity  is  noted  the  operator  checks  for  cool  or  hot  spots,  winch 

result  from  uneven  heatinp;  or  poor  cii  culation. 
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even  heat  application  to  every  loaf  alike  is  the  ultimate  goal.  In  well- 
adjusted  continuous  operation,  it  is  indeed  an  impressive  sight  to  view 
the  uniformity  with  which  the  baked  loaves  come  out  of  the  oven,  hour 
after  hour. 


.\DVANTAGES  OF  CONTINUOUS  OPERATION 


Having  described  the  process  and  the  equipment  in  a  general  way,  a 
review  of  advantages  of  continuous  operation  is  in  order.  The  following 
list  is  drawn  up  for  illustration: 

(1)  Continuous  processing  requires  less  floor  space,  since  the  larger 
air-conditioned  fennentation  room  is  replaced  by  smaller  broth-ferment 
or  liquid-sponge  tanks.  The  conventional  divider,  overhead  proof er, 
rounder,  and  dusting  flour  equipment  are  unnecessary,  as  are  the  molder, 
or  molder-panner— all  of  which  are  replaced  by  more  compact  equipment. 

( 2 )  Continuous  operation  can  be  conducted  as  a  more  sanitary  method, 
for  the  process  is  carried  out  primarily  in  a  closed  system  and  the  ma¬ 
chines  have  been  designed  for  sanitation.  The  closed  system  lends  it¬ 
self  well  to  flushing  and  washing  procedures. 

(3)  Continuous  operation  produces  a  more  uniform  product  with  some 
new  features,  such  as  fine  crumb  or  even  soft  texture  and  no  large  holes. 

(4)  Cost  of  power  and  ingredients  is  less  than  with  conventional 
operation. 

(5)  In  most  cases,  laboi  saving  is  an  interesting  item.  Two  men  can 
operate  either  the  Do-Maker  or  the  AmFlow. 


(6)  Accuracy  and  precision  of  dividing  means  closer  control  and  hence 
less  tendency  for  the  over-weight  loaf.  This  saving  can  be  an  appreciable 
item  m  the  cost  of  operation. 

1  The  machines  have  flexibility  of  design  so  that  they  can  usually 
)e  insta  led  m  an  already-operating  conventional  bakery  without  serious 
OSS  of  change-over  time.  Naturally,  the  building  of  a  new  bakery  around 
eontmuous  equipment  can  result  in  more  savings  and  more  efficient  op- 
hon.  The  cost  of  installation  in  a  new  bakery  should  be  less  than  con- 
enhonal  mi.sing,  molding,  dividing,  rounding,  and  overhead  proof  equip- 


shlfL^*"''  1“'  if  an  oven  or  equipment 

fennentrriertL‘n“d^imp^:g":p“  Ttii ' 

* .  iirsa 

and  processing  themselves  well  to  continuous  mixing 
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LIMITATIONS  OF  CONTINUOUS  MIXING 

As  with  all  new  developments  and  clum^es  in  industrial  procedures 
there  are  some  limitations,  which  are  shown  below. 

( 1 )  The  continuous  equipment  is  not  now  economically  suited  to 
smaller  bakeries.  If  the  baker  produces  less  than  100, 000  lbs.  per  week,  it 
would  be  a  questionable  change,  so  continuous  operation  at  the  present 
time  is  limited  to  large-scale  operation. 

(2)  Raisin  bread  cannot  be  made  by  continuous  mixing  equipment  on 
account  of  the  mashing  or  breakage  of  the  raisins.  On  the  other  hand, 
wheat  bread  and  other  variety  bread  is  being  made  successfully  con¬ 
tinuously. 

( 3 )  The  continuous  processes  are  best  suited  to  pan  bread  production. 
Future  research  and  development  can  be  expected,  so  that  rolls  can  be 
made  on  a  part-time  basis  or  full-time  basis. 

(4)  Certain  steps  in  continuous  operation  are  less  flexible  than  con¬ 
ventional,  such  as  allowances  for  “coffee  breaks,”  loading  proofer,  and 
oven. 

In  Table  73,  comparing  the  conventional  with  the  continuous  methods 
of  bread  production,  the  advantages  of  the  continuous  method  are  in¬ 
dicated  schematically.  From  the  operations  standpoint  there  are  fewer 
elements  of  equipment  to  be  cleaned  and  maintained. 


Table  73 


COMPARISON  OF  SCHEDULING  FOR  CONTINUOUS 


Conventional  Sponge  and  Dough 


AND  CONVENTIONAL  PROCESSING 


Continuous  Processing 
“Do-Maker,”  “.AmFlow” 


1.  Ingredients  to  load  mixer  5-10  min. 

2.  Batch  basis  mix  sponge  2  to  4  min. 
ferment  sponge  4  to  5  hrs. 

3.  Remix  sponge  with  30  to  40  per  cent 
fresh  flour,  water,  salt,  etc.  6  to  12  min. 

4.  Floor  time  20  to  30  min. 

5.  Divide,  round,  aiul  over  liead 
proof  20  min. 

6.  Moulder 

7.  Pan 

8.  Proof 

Overall  processing  time 
Mixing  to  oven-  -6  to  7  hrs. 


1.  Continuous  flow  of  ingredients  to  pre¬ 
mixer. 

2.  Premixer  90  sec. 

3.  Developer  and  divider  90  sec. 

4.  Pan 

5.  Proof 


Overall  processing  time 
Mixing  to  oven-  1  hr.  30  min. 


The  maintenance  men  in  eliarge  of  eontinnons  eqn.pment  may  have 
lu,ve  slightly  different  training  and  hackgronnd  than  with  ‘ 

. . nmtt.  Experience  has  indicated  that  maintenance  men  ca  1 


shmedTrrnn  dm  ir'centio;;/ to  the 
difffcnltv.  1'he  cleaning  phase  of  maintenance  is  siini  , 
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less  time  consuming.  The  mechanical  side  is  not  complicated,  for  elec¬ 
tricians  and  mechanics  on  conventional  are  shifted  over  to  the  new  equip¬ 
ment  without  difficulty. 

Tlie  attitude  of  the  operators  of  continuous  equipment  is  entirely  favor¬ 
able,  once  they  have  understood  and  mastered  the  new  type  of  machine. 


CHEMICAL  AND  BIOCHEMICAL  DIFFERENCES 


Chemical  and  biochemical  differences  in  the  comparison  of  conven¬ 
tional  and  continuous  methods  are  based  mainly  upon  the  different  fer¬ 
mentation  techniques. 

In  the  Do-Maker  system  no  flour  is  exposed  to  fermentation  until  the 
premixer  stage,  whereas  conventionally  60  to  70  per  cent  of  the  flour  is 
present  during  the  4  to  5  hour  sponge  stage  and  for  another  hour  during 
proof.  Enzymatic  processes  are  at  work  during  this  period,  so  that  starch 
is  successively  broken  down  to  dextrins  and  sugars.  That  such  action  is 
not  sufficient  for  present  day  conventional  shop  operation  is  demonstrated 
by  the  fact  that  additional  sugar  is  added  at  the  dough-up  for  both  leaven¬ 
ing  action  and  sweetness. 


In  the  AmFlow  liquid  sponge  method,  some  flour  is  added  to  the  pre¬ 
ferment  and  a  part  of  this  is  pumped  back  into  the  first  tank  (Fig.  107)  in 
a  so-called  seeding”  step,  hence  enzymes  have  more  time  to  act  on  this 
portion  of  the  flour.  In  this  respect  the  AmFlow  liquid  sponge  procedure 
les  between  the  Do-Maker  broth  and  the  conventional  sponge  and  dough 

In  the  AmFlow  process  there  exists  the  possilhlity  of  early  and  late,  or 
young  and  old  fermentation  product  blending  which  is  said  to  be  useful 
m  fermentahon  flavor  control.  The  Do-Maker  operator  can  also  perform 
this  step  to  a  point  should  he  add  flour  to  the  broth  and  then  blend  young 
and  old  broths  at  the  holding  tank.  The  Do-Maker,  however  is  defiLtelv 

trthfb”^*  T  small  amounts  of  flour 

occur  due  to  flo  ““  Piping  and  metering  problems  that  would 

ocnir  due  to  flour-sedinientation,  foaming  and  sludge  formation 

has  1  vet  bettepoVed  '’SefiniM 

ferments-as  the  m^liq  d  ing  edi  n^r^  P- 

derived  from  flour  for  their  7  Aose 

leavening  power  The  Lture  7  f produce  the  necessary 
prodnct,s7rl  L  flj^^:  r te  fermentation 

npon  more  extensively  undoubtedly  be  reported 

*« >s.  r  t;: 
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in  continuous  mixing.  Additional  enzymes  of  this  nature,  such  as  are 
found  in  malt  of  wheat  and  barley  or  produced  by  the  action  of  fungi 
and  bacteria  on  wheat  bran,  can  be  useful  in  conventional  operation  hut 
have  minimal  effects  in  continuous  operation. 

Lipase,  naturally  present  in  flour,  seems  to  play  little  role  in  either  proc¬ 
ess  unless  the  flour  fat  has  been  split  or  partially  split  to  produce  fatty 
acids  before  it  is  added  to  either  process. 

Lipoxidase,  also  naturally  present  in  flour,  can  have  a  demonstrable 
effect  in  conventional  mixing,  but  little  effect  in  continuous  mixing.  Since 
atmospheric  oxygen  is  beaten  into  the  dough  in  conventional  operation, 
some  bleaching  can  occur  and  some  oxidation  of  flour  fat  or  shortening 
can  result.  If  conditions  are  favorable  these  oxidized  fats  could  approach 
rancidity  in  flavor  and  aroma.  Added  lipoxidase  in  the  form  of  defatted 
soy  bean  flour  can  help  control  and  enhance  this  effect.  When  properly 
applied  many  observers  classify  the  aroma  and  flavor  as  desirable. 

The  closed  systems  of  continuous  processes  virtually  exclude  atmos¬ 
pheric  oxygen,  so  lipoxidase  action  is  practically  nil.  In  part,  this  inav 
account  for  difference  in  aroma  and  flavor  which  some  obseiv'eis  report 
between  bread  of  the  two  methods.  The  usual  comment  is  that  con¬ 
tinuous-process  bread  is  more  bland  than  conventional. 

Fortmann  (1958B)  has  pointed  out  that  determination  of  carbonyl 
content  of  fats  in  bread  confirms  some  of  the  arguments  regarding  lipoxi¬ 
dase  action  in  bread-making  and  suggests  addition  of  some  of  these  flavor-  i 
fill  ingredients  to  both  conventional  and  continuous  processing.  Care¬ 
ful  control  would  be  required  for  acceptable  lesults. 

The  whole  subject  of  flavor  in  bread  has  had  considerable  study  anc  I 
most  of  tbe  published  work  has  been  reviewed  by  Otterbacher  (1959). 
A  prediction  can  be  made  that  research  along  the  lines  of  aroma  and  flavoi 
improvement  will  bring  forth  favorable  results  in  due  course.  Certainly 
the  work  of  Wiseblatt  at  the  American  Institute  of  Baking  and  others  i 


confirms  this  statement. 

Before  leaving  this  part  of  the  snbject  it  should  be  pointed  out  thaP 
there  are  some  bread  Havor  experts  who  maintain  that  the  bland  properti 
of  bread  is  the  real  reason  for  its  popularity  as  a  staple  tood.  The 
authorities  cite  the  experience  that  bread  is  rarely  eaten  alone;  butte 
Shlese,  ham.  hamburger  steak,  etc.,  are  the  flavorful  wanted  components. 

and  bread  is  the  carrier.  .  r  1.1  tjnld  is-' 

It  is  a  curious  fact  that  only  about  three  per  cent  : 

made  with  whole  wheat  meal,  either  in  combination  ^  °  ' 

so  actually  the  taste  of  bran  may  not  be  the  wheaty  aroma  or  tia 
which  is  most  desired  and  the  real  flavor  resides  in  the  fat  of  the  floii  .  ]  ■ 
as  it  does  in  the  fat  of  most  meats  and  some  other  foods. 
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To  coiidiicle  tliis  discussion  on  flavor  and  aroma  of  continuous  and  con¬ 
ventional  bread,  it  is  appropriate  to  comment  that  if  sufficient  problem 
differences  are  found,  there  will  undoubtedly  be  some  means  discovered 
to  resolve  them.  The  practical  evidence  of  swift  acceptance  is  that  an 
estimated  4(),()(X),(K)()  lbs.  of  continuously-made  bread  were  marketed  in 
1959. 

OTHER  CONTINUOUS  MIXING  PROCESSES 
In  continental  Europe  other  continuous  mixing  and  processes  seem  to 
be  making  progress  in  large  scale  production.  The  Russians  have  con¬ 
tinuous  operation  on  a  tonnage  basis  for  production  of  rye  bread  and 
other  goods.  In  Sweden,  the  Iverson  process  is  used  mainly  for  production 
of  their  specialties,  with  some  white  pan  bread  reportedly  being  made. 
The  Strahmann  process  in  Germany  does  not  seem  to  have  been  worked 
on  more  than  an  experimental  scale.  According  to  the  literature,  it  would 
appear  that  these  processes  are  mainly  adapted  for  the  baked  goods  of 
their  particular  region,  such  as  the  hearth  bread  types,  and  for  making 
bread  of  a  coarser  and  denser  grain  and  texture  than  would  be  acceptable 
in  the  United  States  or  Canadian  markets.  The  design  of  the  kneading  or 

developing  apparatus  would  lend  itself  to  the  production  of  that  tvpe  of 
:>read. 


There  is  no  doubt  that  the  advantages  of  continuous  mixing  processes 
ire  appreciated  abroad,  and  that  improvements  will  be  made  to  meet 
heir  own  problems.  An  interesting  difference  is  shown  by  the  plan  of 
European  operation  whereby  the  dough  ingredients  are '  continuouslv 
nixed  and  then  allowed  to  go  through  bulk  fermentation  (to  first  punch 
3f  straight  dough)  sometimes  on  moving  belts,  before  processing  with 
nachines  such  as  dividers,  rounders,  molders,  etc.  This  procedure  would 
nean  processing  a  dough  with  considerable  leavening  gas  present  and 
us  would  not  contribute  to  fine  grain  and  texture,  or  perhaps  to  best 
hviding  conditions.  The  experimental  work  of  Prof.  N.  F  Gatilin  and 

1957^  by  Goroschenko 

1957),  will  be  watched  with  much  interest. 


the  FUTURE  FOR  CONTINUOUS  BREAD  MAKING  PROCESSES 

Ik. 

-  w„,  3““,”,:  rrsr- 

he  converswn  to  mechanization  and  automatic  operation  has  W 
troceedmg  m  conventional  batcli-tvire  methods  \\'h7  i  , 
mailer  bake  shops  is  an  interesting  queston  Perh'  :  ), 

.1  .h.„ ... 
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unitoniiity  and  excellent  quality  of  the  big  inaniifactnrer  and  keep  an 
interesting  share  of  the  business  for  them.  At  any  rate  continuous, 
operation  is  here  to  stay  and  he  improved  upon.  It  is  better  suited 
to  keep  up  with  the  problem  of  feeding  the  increasing  population  and  keepi 
step  with  automation  and  economic  efficiency. 

Ackno\vlcdJ^mellts  are  due  to  Messrs.  Karl  L.  Fortinann,  A.  C.  Adams,  S.  MacNeilll 
and  W  in.  Henderson  of  BAKER  PROCESS  COMPANY  and  WWI.LACE  &  TIERNAN,, 
INC.  for  assistance  in  preparation  of  the  material,  and  to  the  BAKER  PROCESS r 
COMPANY  for  furnishinj^  of  photographs  of  the  Do-Maker  equipment.  Acknowl-- 
edgment  is  also  made  to  the  AMERICAN  MACHINE  &  FOUNDRY  COMPANY,  and! 
to  Mr.  Tyler  R.  Stevens  for  descriptive  literature  and  photographs  of  the  AmFlow 

ecpiipment. 
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CHAPTER  18 


John  A.  Dersch 


Bakery  Ovens 


IMPORTANCE  OF  THE  BAKERY  OVEN 

Wliat  criteria  can  be  used  to  select  the  key  machine  in  a  modern  bakery? 
Through  the  years,  the  various  answers  proposed  have  followed  totally 
unrelated  concepts.  Some  have  felt  that  the  initial  cost  of  a  piece  of  eqiiip- 
nent  automatically  justified  placing  it  at  the  top  of  the  list.  Others  thought 
that  the  machine  requiring  the  most  care  and  maintenance  deserved  first 
jonsideration. 

Whether  or  not  the  question  was  ever  resolved  will  not  be  determined 
lere,  but  it  is  readily  apparent  that  barring  initial  cost,  several  machines 
un  close  competition  with  regard  to  mechanical  complexity,  the  demand 
'or  maintenance  or  adjustment  and  the  need  for  comprehension  of  basic 
md  inherent  functioning. 

Perhaps  the  oven  justly  deserves  this  position  as  “key  machine”  in  the 
lakery  because  it  is  without  a  doubt  the  focal  point  of  production  All 
)ther  machinery  is  geared  to  supply  the  oven  requirement. 

'  It  IS  not  within  the  scope  of  this  book  to  go  into  a  detailed  history  of 

he  baking  oven,  but  a  brief  description  of  the  various  types  of  ovens  and 
low  they  evolved  is  necessary. 

TYPES  OF  BAKERY  OVENS 

peel 

Although  the  peel  oven,  Fig.  11,3,  has  been  used  for  centuries  there  are 
rill  some  in  use  in  bakeries  today  which  have  deviated  vew  tode  n 

liinsT, r'  °''™  "»""r  “  ”» 

during  this  heating  neriod  f  f  •  owed  to  bum  for  hours, 
•fter  fhe  oven  fial  feaThed  1  «"ly  s^ck. 

te  eye  and  judgment  of  the  masteHX'Z'emb''"’  W 

le  oven  was  allowed  to  “lie  down”  for  1  raked  out,  and 

istribution  of  heat.  At  the  end  of  tlu\ ' 

idividually  loaded  into  the  oven  bv  loaves  were 

tovel  called  a  “peel.”  T1  i  natu  il '"“"'i  ■""g-h^ri'Hed  wooden 
_  that  those  loaves  which  were 

SS^Sration.^’''"'”  Read  Standard  Division,  of  Capitol 
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loaded  first  were  tlu'  last  to  be  unloaded.  It  can  readily  be  seen  tliat. 
uniform  loaf  t'olor,  eonsistentK'  tlu'  sanu'  on  all  loavi'S,  was  tlu'  exeeptinni 
rather  than  tlu'  rnU'.  In  faet,  the  baker  had  lo  be  a  master  to  produce 
fine  products  from  an  oven  of  this  sort. 

The  only  good  attribute  of  this  oven  was  its  excellent  steaming  character¬ 
istics.  It  was  common  practice,  after  the  fire  was  pulled,  to  start  the^ 
baking  schedule  with  the  product  requiring  the  highest  temperature.  Thi.s* 
normallv  resulted  in  the  rye  breads  being  held  until  the  last  part  of  the 
bake.  At  this  time,  the  hearth  was  saturated  with  water  which  produceef 
a  most  effective  steam  pocket  in  the  high  dome  or  crown  of  the  peel  oven. 
The  rye  bread  was  thus  baked  at  a  relatively  low  temperature  in  a  perfect 
envelope  of  steam.  This  fundamental  principle  of  steaming  was  over¬ 
looked  for  years  during  the  evolution  of  the  double  lap  oven,  which  will 
be  discussed  later. 

The  basic  fault  of  the  peel  oven,  “first  in  and  last  out,”  led  to  the  draw* 
plate  oven  and  the  rotary  oven. 


Draw  Plate  and  Rotary 

These  ovens  are  illustrated  in  Figs.  114  and  115.  They  aie  gioupeci 
together  because  both  were  intended  to  overcome  the  basic  fault  of  the* 
peel  oven.  The  oven  proper  was  still  essentially  the  peel  oven  augmentecr 
by  mi  external  beat  source.  The  main  difference  was  in  the  loading.  Tin 
draw  plate  oven  was  provided  with  a  sliding  plate  or  tray  hearth  whicll 
could  be  withdrawn  from  the  oven  for  loading  and  unloading. 

In  Europe  the  plate,  which  was  made  of  iron  at  first,  was  later  changco 
to  an  iron  framework  with  an  inlaid  tile  hearth.  It  was  mounted  on  rollera 
running  on  tracks.  In  the  United  States  the  hearth  was  made  ol  one-Iourtl 
inch  thick  solid  steel  plates.  It  was  common  practice  here  to  use  a  double: 
deck  construction  with  a  single  furnace  lor  the  two  decks,  liritish  desigr 
utilized  separate  fire  boxes  for  each  deck.  Sometime.s  they  were  built  n 
batteries  with  a  common  heating  system  and  3  or  4  adjacent  draw  p  a  es^ 

The  bake  obtained  was  more  uniform  than  that  from  the  peel 
loading  and  unloading  was  an  extremely  hot  and  uncomfortable  ,ob  Tl  c 
oven  gained  little  popularity  in  the  United  States,  although  it  na , 
favorablv  received  in  England  and  Germany  vyhere  some  “'e  ' 

The  rotarv  oven  overcame  the  objection  to  hot  loading 
bv  utilizing  a  Hat,  horizontal  circular  hearth  which  was  constan  ,  < 

I7v  ::  drivebuotoi-  and  gear  reducer.  The  product  was  l-e  ed  on  o 
Imarth  as  it  rotated  past  the  oven  door.  After  the  circular  health  was  fu 
loaded  the  door  was  closed,  and  the  hearth  continued  to  robite  until 
bake  was  complete.  This  rotary  motion  during  the 
the  effect  of  any  local  hot  spots  in  the  oven.  At  the  end  of  the  b.  , 
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ieel  Ovens 

loclern  ineclianiil  travtvms*  'ite  Inki’'''  l’'  '^*1“' 
r  more  trays  or  shelves  srisirenderl  I  'r  ‘■'"'"I’owil  of  four 
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their  level  position  by  virtue  of  a  high  pivot  point  and  low  center  of  gravity, 
similar  to  the  ferris  wheel. 

As  the  popularity  of  the  reel  oven  increased,  various  types  of  tray.| 
stabilization  came  into  being  which  overcame  the  obvious  objections  to  the| 
free-swinging  tray.  The  oven  was  operated  in  the  same  manner  as  thaj 
rotary  oven  except  that  the  operator  could  conveniently  reach  all  portions;| 
of  the  tray,  and  peels  were  unnecessary  except  for  hearth  bread  or  rollssj 
The  basic  objection  to  the  reel  oven  was  the  raising  and  lowering  of  thwl 
product  from  the  bottom  to  the  top  of  the  oven.  With  the  heating  system: 
located  at  the  bottom  of  the  oven,  it  was  difficult  to  obtain  unifonn  baking? 
chamber  temperatures  throughout.  The  oven  occupied  very  little  space 
and  won  a  permanent  spot  in  the  baking  industry’s  small  retail  bakeries:i 


Multi-Cycle  Tray  Oven 

Although  the  reel  oven  and  the  mechanical  tray  oven  both  enyloy  traysi 
the  indmstrv  differentiates  between  them.  When  the  two  “reels  ar( 
increased  to  four  with  a  chain  connected  between  each  pair,  and  travj 
are  suspended  between  the  chains,  the  arrangement  is  called  a  tra 
oven  The  expression  “traveling  tray  oven”  is  sometimes  usee ,  ni 
word  “traveler”  was  first  used  in  conjunction  with  the  tunnel  oven. 

In  the  early  193()’s,  the  small  multi-cycle  tray  ovens  were  ^^evelopec 
augment  the  line  of  mechanical  tray  ovens.  These  ^ 

fifteen  trays,  are  run  continuously  and  intermittently.  n  ore 
rinidlv  the  trays  are  automatically  stopped,  loaded  and  indexed.  Th 
loLhng  door  is  then  closed,  and  the  oven  allowed  to  run,  making  perh.l1 
,5  or  10  laps  before  the  pre-set  baking  time  has  run  out.  Ilecaus  . 
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tinu'  is  pr(‘-s('t,  tlu'  loader  do(\s  not  liave  to  wait  around  idly  for  a  tray  to 
come  into  position.  The  term  “multi-cycle”  is  often  used  for  this  type  of 
operation.  When  the  number  of  trays  becomes  great  enough  (over  15 
trays)  so  that  the  pause  for  loading  is  not  excessive,  a  single  cycle  is 
used  for  the  entire  bake.  Tray  ovens  employing  the  single  cycle  principle 
of  operation  can  be  further  subdivided  into  two  types;  the  single-lap  and 
the  double-lap  tray  ovens.  These  two  ovens  assume  separate  identities 
because  of  the  path  which  the  trays  follow  when  passing  through  the  oven. 

Single  Lap  Ovens 

This  oven  was  designed  around  1928  primarily  to  save  space.  The  first 
single-lap  ovens  were  somewhat  of  a  compromise  in  baking  performance. 
The  reason  for  this  was  the  inherently  long  flow  time  required  for  un¬ 
loading  proofer  racks.  This  produced  non-unifonn  products,  and  it  was 
not  until  automatic  loading  and  unloading  and  faster  baking  times  came 

about  that  the  problem  was  soK’ed.  A  t\'pical  single-lap  oven  is  shown  in 
Fig.  117.  ■  ^ 


— — 

. 

/ 

— — ^  V 

O 


Fk;.  117.  Single-Lap  Tray  Oven 

Today,  products  equal  in  quality  to  those  obtained  from  a  tunnel  oven 

he  reT  "'"‘i  fl"  “  reduction  of 

Old  T  r!l  features  loading  and  un- 

.D  t  at  n  '“’"*“,‘"7’  effen  simplifies  the  bakery  lavoul.  Single- 

■  1  . .  vens  can  be  built  to  produce  more  than  1(1, ()(X)  pounds  of  bread 

.er  Imur,  winch  at  one  time  was  considered  quite  a  feat  eten  for  a  tmmel 

double  Lap  Ovens 

lUed  SeicI  on  ((self.  ^Tlie  siiide' dcgg.sis.  is  a  sinsle-tap  oven 
»  "»"M-I.|.  I...  . . os”  S 

uns.  me  single-lap  has  two  turning 
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Fig.  118.  Modern  Large  Capacity  Single-Lap  Oven 


points  or  two  pairs  of  sprockets  like  any  ordinary  conveyoi.  The  double--! 
lap  has  five  turning  points  or  five  pairs  of  sproekets,  two  of  which  are  iised^; 
to  carrv  a  vertical  or  inclined  run  of  trays.  In  some  designs,  some  otl 
these  sprockets  are  replaced  with  curved  track  or  shoes.  Fig.  119  is  a. 
diagram  of  such  an  oven. 

Tlie  double  lap  oven  occupies  even  less  space  than  the  single  lap.  It  is; 
not  economical  to  build  double  lap  ovens  with  fewer  than  .30  trays- 
because  of  the  complexitv  of  the  drive  and  heating  requirements.  In 
the  past  few  years,  the  double  lap  oven  has  found  an  extremely  important 
place  in  large  production  bakeries  where  Hoor  space  is  at  a  premiunn 
^igain,  increased  technologx-  and  experience  has  led  to  the  improvement  ci 
the  double  lap  oven  to  the  extent  that  hakes  equal  to  the  tunnel  ox  en  can 
be  expected.  Double  lap  oxens  are  in  operation  today,  capable  ot  pro¬ 
ducing  oxer  10,000  pounds  of  bread  per  hour.  modern  oven  of  tins 

type  is  shown  in  Fig.  120. 


Tunnel  Oven 


.Although  the  rotary  and  reel  ovens  were  mechanical  to  the  ''“‘l 

the  hearths  moved  for  easy  loading,  the  tunnel  oven  was  the  lea  , 
between  the  hatch  type  of  bread  piodnction  that  e.-tex  before  he  n, 
of  the  century  and  the  fabulous  automatic  bread  plants  that  aic  a  i  .  | 

todav. 
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Fig.  119.  Double-Lap  Tr.\y  Oven 


Courtesy  of  Read  Standard  Div. 


Pig.  120.  Modehn-  Large  Capacity  Double-Tray  Oven 


I  111  1904  the  first  coal-fired  tunnel  oven  was  built  in  North  \inerici 
It  was  not  until  1913  that  the  first  tunnel  oven  was  constructed  i.T  the 

iiecanie  the hoi'ri^rtlie"  iStt!""'''  “ 

■tih^'lVfdie'ineSo'nn'lTirposto 

•'ig.'l21).  l»o^l'iction  requirements  were  large  (sec 
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Fig.  122.  Modern  Tunnel  Oven 


The  high  aceiiracv  and  consistency  in  temperatine  control  in  the  various; 
heating  zones  of  the  tunnel  oven  ottered  great  uniformity  in  bake  and 
Hexibility  in  top  and  bottom  l.eat  control.  The  long,  continuous  hearth; 
hatl  unlimited  He.xibility  with  respect  to  pan  sizes.  The  mechanisms  weio 
simple  and  long  lasting.  It  was  only  the  high  initial  cost  and  e.xcessivo 
Hoor  space  requirements  of  the  tunnel  ovens  that  hastened  the  neec  • 
improvements  in  the  tray  ovens.  A  modern  tunnel  oven  is  shown  im 

Fig.  122. 


THE  BAKING  PKOGESS 

|„  order  to  build  a  bakery  oven  capable  of  satisfying  the  f>nidaineiital 
requirements,  one  must  first  understand  what  the  oven  is 
In  engineering  terms-“the  problem  must  be  clearly  stated. 
l^asically,  the  modern  baking  oven  is  nothing  moie  lan  an 


,>LMU  I  lUlU 
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L'onveyor  surrounded  by  an  insulated  box  equipped  to  supply  sufficient 
leat  to  satisfactorily  bake  the  product.  The  mechanical  requirements  are 
lot  difficult  to  satisfy.  It  is  simply  a  (|uestion  of  selecting  the  proper 
I'hain  and  sprockets,  the  proper  method  of  drive  and  tray  stabilization  and 
the  proper  structural  framing  members.  The  design  of  the  heating  system 
:aii  be  approached  much  more  intelligently  if  the  baking  process  is 
inderstood. 

The  reactions  that  take  place  in  the  oven  can  be  divided  into  two  classes; 
he  physical  changes  and  the  chemical  changes.  These  reactions  mu'str 
ake  place  in  the  proper  order,  at  the  specified  temperature,  in  the  correct 
ime  and  in  the  proper  atmosphere.  They  are  as  follows: 


Physical 

Film  formation 
Gas  expansion  ’ 

Gas  solubility  reduction 
Alcohol  evaporation 


Fig.  123  shows  graphically  the 
ake  place. 


Chemical 
Yeast  action 

Carbon  dioxide  formation 
Starch  gelatinization 
Gluten  coagulation 
Sugar  caramelization 
Browning  reaction 

temperature  at  which  these  reactions 


Dextrinization  ■ 
C  a  r me  Hz  a  tion  H 

Gluten  coagulation 

Starch  gelatinization 

Increase  in  formation 
Increase  in  yeast  action 

Evaporation  of  C2H5OH 

Solubility  of  CO 2  reduced 

— Gas  expansion 

Film  formation 


temperature  of  reaction 

Fig.  123.  The  Dough  Reactions  Taking  Place  During  Baking 


300  400  500 


‘'""S'’  piece  can  be  noticed 

hen  the  dough  piece  isVrst  pLced  in  t  "  IveT  Tt""  ’ 

425°  to  500° F  )  oven  aH-nnc  ^  comparatively  hot 

iore  elastic.  tL 

>e  oven  atmosphere.  '  unction  of  the  moisture  content  of 
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Anotlu'r  plusical  plionoiiKMion  tliat  Ix'gins  as  soon  as  llir  doujrlj  j 
placed  in  the  oven  is  the  reduction  in  the  solnhilitv  of  the  entrapped  gase- 
This  is  an  important  factor  contrihutinj:;  to  the  product’s  oven  spring 
The  gas  most  active  in  this  reaction  is  carhon  dioxide.  In  addition  t^ 
being  present  in  the  dongh  as  a  free  gas  encased  by  the  gluten  structure 
much  of  the  carbon  dioxide  is  dissolved  in  the  dough  liquid  or  bound  b 
weak  forces  to  other  dough  constituents.  As  the  internal  loaf  tempera; 
tine  rises  to  around  120° F.,  the  dissolved  and  bound  carbon  dioxide  i 
released. 

The  hot  oven  atmosphere  also  immediately  causes  the  gases  containen 
within  this  elastic  film  and  held  by  the  gluten  structure  to  expaiK 
Actually,  it  is  a  practical  example  of  the  Charles  Gas  Law,  which  a 
generally  stated  is:  The  volume  of  a  definite  quantity  of  gas  at  constar 
pressure  is  directlv  proportional  to  the  absolute  temperature,  or  that 

V  =  kT 


Last  of  the  physical  changes  is  the  evaporation  of  liquids.  The  mo: 
important  of  these  liquids  are  water  and  alcohol.  The  watei  enters  til 
process  as  a  liquid  and  leaves  as  liquid  and  water  vapor.  The  ethii 
alcohol  is  produced  during  the  fermentation  process  by  the  action  of  tHi 
yeast  on  some  of  the  sugars  in  the  dough.  When  the  internal  dough  ten  | 
perature  reaches  176°F.,  the  alcohol  begins  to  evaporate,  increasing  till 
internal  vapor  pressirre  and  further  contribirting  to  the  oven  sprirrg. 

The  yeast  action  is  a  continuing  one  that  begins  in  the  ferrnentatiaj 
room.  It  ends  in  the  oven  when  the  interrral  loaf  ternperatirre  reachaj 
arourrd  145° F.  The  prirrcipal  pr-odrrcts  of  yeast  action  are  carbon  dioxro 

and  ethyl  alcohol.  i  i  r  . 

The  production  of  the  carbon  dioxide  is  accelerated  as  the  loa  erri] 

perature  increases  to  the  145°F.  point.  This  also  must  be  consrdered  ; 

another  factor  contributing  to  oven  spring.  ,  ,  ,  ^ 

When  starch  and  cold  water  are  mixed,  the  starch  wil  ahsorh  abo.a  . 
ocr  cent  of  its  weight  in  water.  Although  the  granules  swell  slighti 
e  wat  rLn  he  renmved  and  the  starch  dried  to  its  origmal  state  w.tho,, 
l„y  p;r,nanent  change.  As  the  nrixture  is  heated  to  130  F.,  .an  .rrevers.b 
chlnge  takes  place.  The  starch  grannies  hegm  to  ahsoih  wate 
rapidly  and  swell  until  they  become  several  times  their  original  . 

This  reaction  is  known  as  gelatinization.  i  m  i 

The  proteins  making  up  the  glnte.r  of  the  dor, gh  are  -''>1^  °  ; 

irrevenslhle  denaturation  when  they  a.e  hrongh  to  h.gh  t- 
This  denaturation  is  characterized  by  decreased  solubilitv  and  e. 
hility  of  the  protein  fibers.  As  a  result,  the  vesicle  walls 
less  Led,  and  expansion  virtually  ceases.  Tins  reaction  begins  at  la 
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When  such  sugars  as  fructose,  maltose  and  dextrose  are  heated  to 
Liround  340°F.,  the  molecules  combine  to  form  colored  substances  called 
caramels.  This  reaction,  known  as  caramelization,  can  only  take  place 
in  the  crust  because  the  internal  loaf  ( crumb )  temperature  never  exceeds 
212°F. 

The  browning  reaction  starts  at  around  32()°F.  It  is  the  result  of 
leating  reducing  sugars  with  proteins  or  other  nitrogen-containing  sub¬ 
stances  to  fonn  compounds  called  melanoidins.  Melanoidins  look  like 
caramels,  and  at  the  lower  temperature  taste  similar  to  earamels.  When 
emperatures  of  475°  and  500°F.  are  reached,  the  melanoidins  become 
)lack,  bitter  and  insoluble.  This  is  the  reaction  that  causes  the  disagree- 
ible  flavor  in  scorched  or  burnt  bread. 


^teaming 

Although  the  steaming  reaction  in  a  bread  oven  can  be  considered  as 
)ne  of  the  many  phases  of  the  baking  process,  it  is  important  enough  to 
)e  considered  separately. 

Steam  is  essential  in  the  bakery  oven  for  three  primarv  reasons:  (1) 
M-oduction  of  a  glossy  crust,  (2)  prevention  of  split  crusts,  and  (3) 
igitation  of  oven  atmosphere. 

The  use  of  steam  to  create  an  agitated  oven  atmosphere  is  rapidly 
)ecoming  a  thing  of  the  past.  It  has  been  found  that  oven  atmosphere 
an  be  either  partially  or  totally  agitated  much  more  economically  and 
■fficiently  by  use  of  large  volume  ( 2000  to  8000  cu.  ft.  min. )  recirculating 


Successful  steaming  conditions  in  an  oven  depend  on  the  physical 
aractenstics  of  the  steam  and  the  manner  in  which  it  is  applied 
/arious-  terms  are  used  hy  the  baker  to  describe  the  tvpe  of  steam  he 
lesues.  He  speaks  of  “wet.”  “soft,”  "dry,”  "hard”  and  other  tvpes  of 
earn.  Actually  he  is  referring  to  a  varied  combination  of  the  physical 
haractenst.cs  o  the  steam  and  its  velocity.  For  example,  “hard”  steam 
a  superheated,  high  velocity  steam.  The  engineer  is  interested  in  a 
lore  specific  description,  enabling  him  to  reproduce  the  effect  “Situ 
lited,  sa  ..rated  with  mechanically  entrained  water  vapor”  and  “suner 

f  the  sLm®'''“  *"P<-‘'’eat”  are  tenns  that  clearly  define  the  condition 

liltr  oLlceVrs:  betm™'  "'‘"T  ” 

lould  be  cleTrir;!!  '  tT  ,  "  7  desired  effects.  It 

ngineer  to  reproduce  effects.’  T^relute ’^steT 

k.lnated  visually  by  an  experienced  bier  be 

•  ter  many  years  of  trial  and  error  in  the  hakery  and  limited  laboratorv 
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work,  it  is  generally  agreed  that  low  pressure  ( 2  to  5  p.s.i.g. )  saturated 
steam  with  orifice  velocities  at  the  injectors  of  200  to  500  feet  per  minute 
provide  the  best  steaming  results.  The  reasons  why  low  pressure  steam 
is  more  satisfactory  are  fairly  obvious.  In  order  to  produce  crust  gloss  and 
prevent  crust  splitting,  the  steam  must  condense  on  the  loaf.  The  higher 
the  pressure  of  the  steam,  the  more  degrees  of  superheat  carried  along 
into  the  oven.  Fifteen  p.s.i.g.  steam  is  at  a  temperature  of  250°F.  and 
carries  38°  of  superheat.  One  hundred  p.s.i.g.  steam  is  at  a  temperature  of 
338°F.  and  carries  126°F.  of  superheat.  In  order  to  condense  this  high 
temperature  steam,  the  superheat  must  be  absorbed.  The  loaf  as  fed 
into  the  oven  at  a  temperature  of  90°  F.  can  condense  more  water  vapor 
at  a  faster  rate  from  steam  at  22()°F.  than  from  steam  at  300°F. 

One  can  reason  from  the  above  explanation  that  time  is  also  of  great 
importance.  The  loaf  must  cool  and  condense  the  steam  before  the 
crust  temperature  itself  reaches  212° F.  Actually,  tests  have  indicated  that 
the  steaming  reaction  is  essentially  complete  in  1  to  2  minutes.  Therefore, 
it  becomes  easier  to  understand  why  the  velocity  of  the  steam  from  the 
injector  orifices  is  equally  important.  The  faster  the  steam  is  carried 
around  the  loaf,  the  less  time  is  available  to  condense  a  given  volume  of 
steam.  Heat  transfer  from  the  steam  to  the  loaf  is  increased  because  the 
film  coefficient  is  reduced  and  the  loaf  temperature  rises  abnormally  fast, 
making  condensation  even  more  difficult.  All  of  this  results  in  poor  and 
inefficient  steaming. 

The  importance  of  correct  steam  application  can  best  be  summed  up 
by  comparing  the  amount  of  steam  that  must  be  introduced  to  the  oven 
artificially  to  that  produced  naturally.  Steam  in  an  oven  comes  from  the 
following  sources: 

( 1)  Vaporization  from  dough— 2.7  cu.  ft./lb.  dough  (at  212  F.) 

(2)  Product  of  combustion  —0.9  cu.  ft./  lb.  dough 

(3)  Injectors  -9.25  cu.  ft./db.  dough 


Heat  Transfer  in  the  Bakery  Oven 


In  order  to  give  the  reader  a  better  understanding  as  to  what  a  bakery 
oven  must  do  and  how  it  can  accomplish  this,  some  of  the  basic  concepts 
of  oven  design  must  be  known.  A  review  of  some  fundamentals  of 
heat  transfer,  air  flow  and  mechanics  is  the  logical  background  for  a 


thorough  understanding  of  bakery  ovens. 

A  definition  of  terms  is  essential.  First,  the  bakers  terms: 

Flash  heat- A  heat  condition  in  an  empty  oven,  resulting  m  an  ovei- 
abundance  of  heat  to  the  first  product  introduced;  gives  the  effect  of  a 
l.igher  oven  temperature  tl.an  actually  indicated  hy  the  temperature- 

sensing  element. 
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Solid  heat-A  heat  condition  in  a  partially  loaded  or  continuously  filh'd 
oven  that  produces  a  steady,  even  flow  of  heat  to  the  product. 

Flash  pan— A  bread  pan  or  other  metal  container  partially  filled  with 
water,  rock  salt,  asbestos  or  sand,  used  for  the  first  several  rows  or  trays 
when  a  run  is  begun  to  absorb  the  “flash  heat.” 

Lateral  heat— The  even  or  uneven  distribution  of  heat  across  (when 
facing  oven  end)  the  oven  from  the  radiating  tubes,  direct  gas  fired  ribbon 
burners  or  jet  slots. 

Top  heat— Heat  radiating  or  forced  downward  on  top  of  the  product; 
not  to  be  confused  with  the  radiating  tubes  or  ribbon  burners  in  the  top 
section  of  a  single  or  double  lap  oven. 

Bottom  heat— Heat  radiating  or  forced  upward  to  the  bottom  of  the 
product. 


Zone— That  portion  of  the  heating  system  capable  of  being  independ¬ 
ently  controlled,  either  by  a  temperature  controller  or  damper. 

Handing— The  handing  or  operating  side  of  a  tray  oven  is  designated 
as  right  or  left  when  facing  the  front  of  the  oven;  the  handing  or  operating 
side  of  a  tunnel  oven  is  designated  as  right  or  left  when  facing  the  feed 
end  of  the  oven. 

The  engineering  terms  commonly  used  are: 

B.t.u.— British  thermal  unit  or  the  heat  required  to  raise  the  temperature 
of  one  pound  of  water  through  one  degree  Fahrenheit. 

Heat  transfer— The  moving  of  heat  from  one  or  more  heat  sources  to 

a  material  whereby  the  temperature  of  the  material  is  either  raised  or 
lowered. 

Specific  heat~The  number  of  B.t.u.  required  by  one  pound  of  a  sub- 
Stance  to  raise  its  temperature  one  degree  Fahrenheit. 

Thermal  condtictivUy-Measuie  of  the  ability  of  various  substances 
to  transfer  heat  from  one  surface  to  another  expressed  in  B.t.u.  per  hour 
per  square  foot  of  surface  area  per  degree  Fahrenheit  per  foot  of  thickness 
Free  convectior,-The  natural  transfer  of  heat  between  a  fluid  and  a 
solid  at  velocities  resulting  only  from  density  differences  in  the  fluid 
Forced  co„cection-The  increase  in  velocity  of  natural  convection  bv 
Lise  of  fans  or  blowers  to  impart  acceleration  to  the  fluid 
Conduction-The  transfer  of  heat  in  a  solid  caused  bv  the  vibratinc 
^olecules  at  a  high  energy  level  transmitting  some  of  iheir  energv  o 
Kljacent  molecules  at  a  lower  energy  level  ^ 

«ndmffo„-The  transfer  of  heat  energy  through  space  to  some  opaque 


object. 


Heaf  o/rapomafion-The  heat  rpnniWl  fr.  i  i.  , 
kmperatiire  to  a  gas  at  the  same  temperature!" 


492 


BAKERY  TECIIINOLOCY  AND  ENGINEERINC 


S, 


Fig.  124.  Indirect  Radiation  He.\ting  System  for  a  Tray  Oven 


I'  lG.  12.5.  OiRECT  Naturae  Convection  Heating  System  with 

Rirhon  Burners 


Heat  of  condensation— The  heat  given  off  when  a  gas  at  its  condensing-i 
temperature  changes  to  liquid  at  the  same  temperature. 

Tlie  primary  fonns  of  heat  transfer  with  which  the  oven  designer  is: 
concerned  are  radiation,  conduction  and  convection.  At  one  time  it  was: 
felt  that  radiation  was  the  most  important  form  of  heat  transfer  in  ai 
bakery  oven.  This  idea  has  gradually  given  way  to  the  most  effectiver 
and  practiced  approach  today,  which  utilizes  the  many  advantages  ot 

forced  convection.  .  i  i  f 

The  efficiencv  of  heat  transmission  Iw  radiation  varies  with  the  eni 

peratiire  of  both  the  radiator  and  the  alworlhng  medium  vvhich,  in  this 
case,  is  the  product  being  baked.  The  actual  quantits'  ot  heat  ' 

is  proportional  to  the  difference  of  the  fourth  poners  of  the  absolute  tei 
peratnres  and  to  the  square  of  the  ilistance  between  the  two  « 

factors  such  as  shape,  color  and  surface  affect  the  radiator  and  absorbe 

and  must  be  considered.  .  i  i  u-  v  Rr^nl  biiti, 

Conduction  plays  a  relatively  small  part  m  the  ba  mg  (  ‘  j, 

cannot  be  ignored.  The  type  of  hearth,  pan  and  product  mus 
when  considering  conduction.  Once  a  design  is  established  ^  > 
type  of  hearth  and  pan  are  decided  upon,  little  can  be  done  to 
deck^ise  the  heat  transfer  by  conduction.  It  has  the  mmimiim  of  sari. 
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TRAY- - 


RADIATOR 

TUBES 


THERMOFLOW 
PRESSURE  DUCT 


Fig.  126.  An  0\  en  Heated  by  Indibect  Radiation  and  Forced 

Convection 


hies,  and  therefore,  can  be  accounted  for  and  calculated  with  a  high 
egree  of  accuracy. 

Convection  is  the  one  form  of  heat  transfer  that  has  been  the  least 
nderstood  and  the  most  ignored  in  the  design  of  bakery  ovens.  About 
3n  years  ago,  designers  began  to  realize  the  importance  of  free  and  forced 
onvection,  which  led  to  much  experimental  and  theoretical  investigation, 
n  tact.  It  IS  because  of  forced  convection  that  the  capacities  and  flexi- 
ihties  of  the  modern  baking  oven  are  possible  today.  Convection  de¬ 
ends  on  many  variables,  and  it  has  been  only  in  the  last  few  years  that 
'Lperimentation  has  provided  the  necessary  facts  to  enable  the  engineer 
I  ralculate  and  estimate  its  effectiveness.  Some  of  the  important  variables 
at  must  be  considered  m  predicting  I, eat  transfer  by  forced  convection 
re  fluid  density,  viscositv  and  velocitv  The  size  >sh  iT^^v  ^ 

.a  .nrface  of  the  object' around  which  the  HuM  '  lo^i  ^ 

because  tl.e  heat  is 

roduct  morrcffecti^ir"'  *'.0 
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It  should  be  noted  when  discussing  oven  heating  systems  tliat  the  terms;, 
“indirect”  and  “direct”  refer  to  location  of  the  products  of  combustion  of^ 
the  burner  system  and  not  to  the  radiator  itself.  The  radiation  is,  ofi 
course,  direct  to  the  product  in  Fig.  124,  but  the  products  of  combustion 
are  recirculated  through  the  radiator  tubes,  and  therefore,  do  not  come  in 
direct  contact  with  the  product.  In  the  direct  type  of  heating  system,  the*| 
products  of  combustion  are  recirculated  either  naturally  or  by  induced. j 
agitation  directly  through  the  baking  chamber  and  come  in  direct  con--i 
tact  with  the  product. 

Figure  124  shows  a  cross-section  of  a  tray  oven  employing  the  indirect  j 
radiation  type  of  heating  system. 

Figure  125  shows  a  direct  natural  convection  type  of  heating  system  withij 
ribbon  burners. 


-total  forced 

CONVECTION 
CARRYING  PRIMARY 
HEAT 


Fig.  128.  A  Fokced  FoNVEcrnoN  Dihect  Heating  System 


Figure  126  shows  the  combination  of  indirect  radiation  and  forced  con 


vection. 

Figure  127  shows  a  plan  of  an  indirect  heating  system,  showing  the 
heater  body,  radiator  and  tubes. 

Figure  128  shows  a  cross-section  of  a  forced  convection  direct  (gas)» 
heating  system. 

Many  different  types  of  fuels  have  been  used  in  the  heating  systems  in 
l)akery  ovens.  These  incliKle  wood,  coal,  peat,  oil  and  gas.  Oven  heating!, 
systems  have  been  devised  utilizing  electrical  energy  in  localities  where, 
power  was  cheap.  Today  99  per  cent  of  all  bakery  oven  heating  systems' 


Operate  with  gas  or  oil.  „„„.p 

The  burners  most  popular  are  the  “gun”  type  or  positive  , 

atomizing  oil  burner,  the  negative  pressure  or  “suction  type  gas^  ni 
and  the  tube  or  ribbon  type  gas  burner.  The  indirect  system  sh 
Figure  127  is  used  in  conjunction  with  the  single  oil  or  gas  mrne 
tioned  above.  Each  system,  composed  of  a  heater,  fan  and  sing  e 
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can  have  a  capacity  of  500,000  to  3,500,000  B.t.ii.  per  hour.  A  tunnel  oven 
or  single  lap  tray  oven  uses  up  to  4  or  5  of  these  single  burner  systems. 

The  ribbon  burner  is  used  in  multiple  combinations.  An  air  header  and 
a  gas  header  feed  from  5  to  15  burners,  each  with  a  capacity  of  10,000  to 
60,000  B.t.u.  per  hour.  These  burners  can  operate  on  propane,  butane  or 
methane  gas.  Bakery  ovens  often  require  as  many  as  8  or  10  headers  or 
banks  of  ribbon  burners. 

Although  the  oven  hearth  functions  primarily  as  a  part  of  the  mechanical 
conveying  system  used  to  transport  the  product  through  an  oven,  its  role 
as  a  conductor  is  equally  important  when  discussing  heat  transfer.  The 
baking  hearth  can  be  thought  of  as  a  continuous  or  semi-continuous  baffle 
between  the  heating  system  and  the  product.  It  provides  a  means  of  con¬ 
trolling  the  rate  of  conduction,  the  effectiveness  of  radiation  and  the  de¬ 
gree  to  which  convection  can  be  utilized.  The  type  and  amount  of  ma¬ 
terial  used  in  the  hearth  determines  the  rate  of  heat  transfer  through  con¬ 
duction.  It  is  for  this  reason  that  products  requiring  a  slow  bake  with  a 
maximum  of  top  heat  and  a  minimum  of  bottom  heat  use  solid  steel, 
transite  or  soapstone  hearths.  Because  the  solid  hearth  baffles  off  most  of 
the  heat  available  through  radiation  when  the  radiator  is  located  under 
the  hearth,  it  is  necessary  to  provide  an  auxiliary  radiator  above  the  hearth 
to  augment  the  heating  system.  In  order  to  be  most  effective,  forced  con¬ 
vection  should  be  used  in  conjunction  with  open  grid  hearths.  Local 
agitation  is  sometimes  used  in  solid  hearth  ovens  to  overcome  tendencies 
toward  hot  spots.  Normally,  this  should  not  be  necessary. 

Table  74  indicates  some  of  the  various  materials  used  for  solid  baking 
hearths  and  their  respective  “k”  factors  (average  values  in  B.t.u./°F  /sq 
tt./hr./in.).  ' 


lABLE  /4 


heat  transfer  ability  of  materials  used  for  hearths 


Material 


“k”  Factor 


Steel 

Carborundum 

Transite 


Thickness  Used 


300 

110 

9 


Available 
Heat  Transfer 


3/16 

3/4 

1/4 


1000 

145 

36 


Basic  Baking  Oven  Calculations 

arrive  at  any  such  sin //e  “  ^Possible  to 

The  calculatton  of  a  theoretfcirBi;  Jre/ir“°? 

only  two  are  fixed  These  are  th  1  ^  values  of  which 

xecl.  Ihese  are  the  latent  heat  of  vaporization  and  the 
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specific  heat  of  water  vapor  ( which  varies  slightly  with  temperature).  The 
other  values  are  all  variables  that  depend  on  local  conditions,  type  of 
flour,  type  of  oven  and  methods  of  operation.  These  are  specific  heat  of 
dough,  temperature  of  dough  into  oven  (proof  temperature),  of  bread 
out  of  oven,  oven  temperature  and  percentage  of  moisture  loss. 

Let  us  assume  a  set  of  bakery  conditions  operating  with  a  high  proof 
temperature,  low  baking  temperature  and  a  resulting  low  baking  loss: 


Specific  heat  of  dough  0.74 

Specific  heat  of  water  at  35()°F. —  (average  value)  0.51 
Latent  heat  of  vaporization,  B.t.u./lb.  970.0 

Temperature  dough  in,  °F.  1 10.0 

Temperature  bread  out,  °F.  212.0 

Oven  temperature,  °F.  425.0 

Per  cent  moisture  loss  8.0 

Then: 

Heat  for  dough  =  1  X  0.74  (212-110)  =  76.0 

Latent  heat  =  0.08  X  970  =  77.5 

Superheat  =  0.08  X  0.51  (425-212)  =  8.7 


162.2 

B.t.u./lb. 


Now  let  us  assume  a  different  set  of  conditions  with  a  low  temperature 
proof,  a  high  temperature  bake  and  a  resulting  high  baking  loss: 


Specific  heat  of  dough 

Specific  heat  of  water  at  .350 °F.— (average  \  alue) 
Latent  heat  of  vaporization,  B.t.u./lb. 
Temperature  of  dough  in,  °F. 

Temperature  of  bread  out,  °F. 

Oven  temperature,  °F. 

Per  cent  moisture  loss 


0.74 

0.51 

970.0 

80.0 

212.0 

525.0 

14.0 


Then: 


Heat  for  dough  =  IX  0.74  (212-80)  = 
Latent  heat  =  0.14  X  970  = 
Superheat  =  0.14  X  0..51  (.o2.5-212) 


98.3 
136.0 

22.3 


256.6 
B.t.u./  11). 


It  can  be  seen  now  that  no  theoretical  value  for  B.t.u. 
porurcl  of  baked  bread  can  be  established  unless  all  of  the 
conditions  are  fi.sed.  We  do  know,  however.  ^  ' 

pect  the  value  to  lie  somewhere  between  150  and  -50  B.  .iw  . 

It  has  been  determined  over  the  years  by  extensive  field  test  0. 
cerLn  types  of  ovens  are  capable  of  producing  a  certaar  amount  ot 
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product.  Phis  figure  became  known  as  the  oven  rating  or  oven  loading 
and  is  expressed  as  pounds  of  bread  per  square  foot  of  hearth  area  pei 
hour.  It  is  important  to  know  whether  the  oven  rating  is  in  terms  of 
“baked  bread”  or  “dough.”  If  a  rating  of  7.0  lbs.  bread/sq.  ft. /hr.  is 
indicated,  then  it  is  understood  that  7.0  lbs.  plus  the  loss  in  moisture  could 
be  handled  by  the  oven.  The  baker  usually  specifies  his  requirements  in 
terms  of  baked  bread,  but  the  designer  must  take  into  account  the  addi¬ 
tional  ten  per  cent  of  water  that  is  not  included  with  the  baked  bread 
weight.  Some  normal  ratings  are  indicated  below: 


Plate  tunnel  6.0 

Grid  tunnel— indirect  6.5 

Grid  tunnel— direct  7.0 

Solid  hearth  tray  5.5 

Grid  tray— indirect  6.5 

Grid  trav— direct  6.7 

Grid  trav— indirect  with  forced  convection  7.2 

Grid  tray— direct  with  forced  convection  7.2 

1  hese  values  are  used  as  a  quick  check  as  to  the  reasonable  expected 
capacity  of  an  oven.  They  can  also  be  used  to  determine  the  maximum 
capacity  of  the  burner  or  burners.  Usually,  the  amount  of  product  that 
can  be  physically  loaded  on  the  oven  hearth  and  run  through  the  oven 

at  an  average  baking  time  will  be  less  than  that  indicated  by  the  oven 
rating  value. 

The  oven  rating  value  together  with  the  B.t.u.  per  pound  value  plus 
losses  make  it  possible  to  determine  the  total  heat  load  of  the  oven. 
Although  It  would  be  possible  to  determine  flue  losses,  stack  losses, 
la  iation  losses  and  pan  losses  by  calculation,  many  assumptions  would 
^e  necessary.  For  this  reason,  it  is  standard  practice  to  use  an  overall 
B.t.u.  requirement  per  pound  of  dough  based  on  actual  field  test  Again 
many  tests  on  all  types  of  ovens  have  provided  figures  ranging  from  1.000 
iu.«.  per  pound  down  to  32,5  B.t.u.  per  ixrund.  Tire  higher  values  were 
obtained  on  ovens  ot  older  design.  It  is  reasonable  to  expect  a  bakery 
'en  0  te  atest  design  to  produce  open  top  bread  with  325  to  400  B.t.ii. 
ner  nol'"V '  ■  "  Provide  some  safety  factor,  a  value  of  500  B.t.u. 

fut  IS  usua  y  used.  TTie  actual  tolerance  provided  in  this  safety 

X  tr;e‘ofThM  proof  temperature  expected  as  explained  previo  s  ’ 

I  he  scope  of  th  s  book  does  not  permit  an  explanation  of  the  calcula 
turns  involved  in  both  the  indirect  and  direct  tvnes  of  B  "  r 

« .11.  .he  .....  I„J 
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the  heating  system.  Many  difierent  procedures  are  possible,  hut  the  most 
straightforward  and  easily  understood  method  entails  the  following: 

( 1 )  Determination  of  burner  requirements 

(2)  Determination  of  circulating  fan  size 

(3)  Radiator  design 

(4)  Determination  of  forced  convection  fan  size 

(5)  Check  on  heat  available  from  radiation 

I  6 )  Check  on  heat  carried  by  forced  convection 

A  sample  problem  will  better  explain  these  terms. 


Determination  of  Burner  Requirements 


Given;  Oven  rating 

0\  erall  loaf  requirements 
Number  of  oven  trays 
Size  of  oven  trays 


7.0  Ihs./sq.  ft./ hr. 
500  B.t.u./lb. 

40 

24  in.  X  121  in. 


Then: 


40  X 


24  X  121 
144 


X  7.0  =  5,650  lbs. /hr. 


5,650  X  500  =  2,820,000  B.t.u./hr. 


Maximum  gas  burner  requirements 


2,820,000 

1000 


2,820  cu.  ft.  CH4  hr. 


Maximum  oil  burner  requirements 


2,820,000 

135,000 


20.9  gallons  light  oil/hr. 


Determination  of  Circulating  Fan  Requirements 


Given;  Total  B.t.u.  required/hr. 

At  over  tube  length 
Specific  heat  of  air  at  500 °F. 
Volume  of  air  at  500 °F. 
Velocity  through  tubes 


2,820,000 

200°F. 

0.248  B.t.u./  lb./°F. 
24.2  cu.  ft./  lb. 
3,500  ft. /min. 


( 1 )  Weight  of  air  required: 


2,820,000_ 

0^8^200 


=  56,900  lbs./  hr. 


(2)  Volume  of  air  at  500 °F. 

56,900 


60 


X  24.2  =  22,900  cu.  ft. /min. 


(3)  Gross  section  area  tubes 

22,900 


=  6.55  sq.  ft. 


Tl>e  M  over  the  tube  is  based  on  an  inlet  l.eader  temperature  of 
and  an  outlet  header  temperature  of  550“F.  These  are  average  figu.e 
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and  will  vary  with  the  velocity  through  the  tubes.  The  greater  the 
velocity,  the  lower  the  AA.  This  would  indicate  that  in  order  to  produce 
a  high  and  apparently  efficient  M,  low  tube  velocities  would  be  desired. 
This  is  not  the  case!  Too  high  a  Af  will  cause  unnecessary  and  unde¬ 
sirable  hot  spots  and  shorten  the  life  of  the  heater  body  and  firing  tunnel. 
Indications  are  that  a  At  between  175°  and  250°F.  produces  the  best 
baking  results  and  greatest  oven  efficiencies.  Tube  velocities  between 
3,000  and  4,000  ft.  per  min.  will  produce  the  required  At  in  the  conven¬ 
tional  indirect  heating  system. 

Design  of  Radiators.— One  general  statement  could  be  made  concern¬ 
ing  the  design  of  the  radiators  and  the  duct  work  leading  to  and  from 
them:— follow  accepted  air  conditioning  duct  work  standards!  Naturally, 
all  such  general  statements  are  subject  to  some  exceptions  and  bakery 
aven  radiator  design  is  no  different. 


The  first  and  most  important  is  the  sizing  of  duct  work  and  radiators, 
formally,  air  conditioning  duct  work  will  be  reduced  in  cross  section 
is  the  run  is  lengthened  to  compensate  for  skin  friction  and  loss  in  static 
pressure.  The  design  of  oven  duct  work  must  consider  not  only  this 
actor  but  also  the  reduction  in  volume  because  of  the  high  temperature 
Irops  (as  compared  with  air  conditioning  duct  work).  Generally,  it  is 
esirable  to  maintain  fairly  uniform  velocities  through  the  system,  and, 
herefore,  volume  compensations  are  considered  good  practice  '  Re- 
nember  however,  that  the  weight  of  air  circulated  is  constant.  ’ 

ne  o  the  greatest  problems  in  oven  design  is  the  effective  control  of 
ateral  heat.  The  best  way  to  insure  even  lateral  heat  is  to  feed  the  inlet 

Pf  Iitri  ‘etum  the  gases  from  the  out- 

et  header  from  both  sides  also,  although  if  some  compromise  is  necessary 

he  return  header  is  the  first  choice.  Along  with  proper  feed  goes  ade 
effective  air  flow  adjustments  are  essential.  Local  conditions 
ether  they  are  internal  or  external  adjustments  is  not  important  The 

lam  thing  is  that  they  are  provided.  lot  important.  The 

ufEular"fhipf'7''''*  or  square  as  possible.  If  a  rec- 

brty-five  degree  bevels  are  acceptable  but 

lould  a  90°  break  be  used  Th^.  }  f  ’  ^  no  circumstances 

..»■  A  '» »» 

he  air  traveling  inside  of  a  90°  nntQ- ii  practical  value. 

Tective.  curvecf  surhice  L  !  built f  f  t"' 

r  flow  efficiency.  ^  ^  agnant  air  without  reducing 
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Adequate  allowance  should  be  provided  for  thermal  expansion  of 
the  duct  work.  Radiator  headers  should  be  free-floating  with  fixed  tubes 
or  fixed  headers  with  floating  tubes.  Completely  internal  ducts  will 
follow  the  principles  of  thermal  e.xpansion,  but  any  longitudinal  ducts 
bolted  rigidly  to  external  cross  supports  will  expand  much  less. 

The  last  point  to  discuss  is  the  use  of  stay  rods.  Most  ducts  are  made  of 
14,  12  or  10  gauge  sheet  steel  and  must  have  enough  strength  not  only  to 
support  themselves  but  also  to  resist  permanent  deformations  by  normal 
positive  or  negative  pressures.  Even  though  protected  by  the  most  up-to- 
date  flame  safeties,  a  burner  will  occasionally  backfire.  To  protect  the 
system  against  deformation  from  minor  backfires  and  the  corresponding 
pressure  build-up,  stay  rods  or  tie  rods  are  welded  between  the  top  and 
bottom  sheets.  These  vertical  supports  also  eliminate  any  snapping  and 
cracking  of  the  ducts  during  heating  and  cooling  periods. 

Heat  Available  from  Radiation.-When  designing  a  radiating  system 
for  a  baking  oven,  it  is  necessary  to  keep  checking  and  rechecking  to  be 
assured  of  a  reasonable  balance  of  all  factors.  The  physical  size  of  the 
oven  governs,  to  some  extent,  the  size  and  number  of  radiator  tubes,  and 
yet  the  tube  velocities  are  also  a  function  of  these  two  variables.  Further, 
the  available  radiation  is  a  function  of  the  number  and  size  of  the  tubes, 
assuming  that  sufficient  air  is  circulated  through  the  tubes  to  maintain 
the  required  tube  temperature.  It  must  be  remembered  at  all  times  that 
the  primary  function  of  the  bakery  oven  is  to  bake  bread,  and  that  the 
heating  system  must  not  only  supply  heat  but  must  supply  it  in  the  right 
amount,  in  the  proper  space,  at  the  proper  location  and  at  the  coiiect  time. 
Any  compromise  of  these  four  requirements  will  produce  less  than  satis¬ 
factory  results.  ,  ,  ,  1 

Once  the  amount  of  recirculated  air  is  determined  and  the  cross-sectional 

area  estalrlished,  the  size  and  number  of  radiating  tubes  can  be  fitted  into 
the  space  available  in  the  specific  oven  in  question,  and  a  trial  expectec 

heat  release  calculated. 


This  can  best  be  aceomplished  by  the  formula; 


q  =  0.1 74e 


where  q 
e 
T 


B.t.u.  radiated  per  hour,  per  square  foot  of  radiating  area, 
0.79,  radiation  emissivity  for  oxidized  steel 
t  460  °F.  surface  temperature  in  degrees  absolute 


Thus,  a 
radiating, 


tube  at  an  average  temperature  of  700°F.  has  the  ca 

q  =  0.174  X  0.79  X  10'^  (700  +  460)^ 

=  0.1376  X  10"8  (11.6  X  102)^ 

=  0.1376  X  11.6^  =  2,480  B.t.u. /sq.  ft. /hr. 


pability  <>f 
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'I’Ik'  radiatiiifi  system  for  an  ovaai  lia\'ing  a  eapacih'  of  5,650  lbs. /hr. 
should  thus  have  a  minimum  of. 


2,820,000 

2,480 


=  1,138  sq.  ft.  of  radiation  area 


including  the  cross  headers. 

It  should  he  noted  that  a  high  average  of  700'^F.  over  the  radiating  sys¬ 
tem  is  used  along  with  the  high  B.t.u.  requirements  of  2,820,000.  This 
latter  figure  already  allows  for  a  reasonable  margin  of  safety  in  the  system 
so  there  is  no  need  to  extend  the  safety  factor  over  the  radiating  system. 
Actually,  during  operation  the  2,820,000  B.t.u./ hr.  consumption  will  never 
be  reached,  and  the  average  tube  temperature  will  be  somewhat  less 
than  700°F. 

A  spacing  of  at  least  one  inch  should  be  allowed  between  tubes  to 
permit  unrestricted  flow  around  the  tubes.  These  longitudinal  tubes 
should  cover  a  lateral  area  across  the  oven  the  same  width  as  the  tray. 
In  our  example,  the  tray  was  given  as  24  inches  X  121  inches. 

This  allows  the  choice  in  a  single  row  system  of. 


121 

4+1 

121 

5+1 

121 


—  24—4  in.  (f)  tubes 


—  30—5  in.  (f>  tubes 


—  17—6  in.  (f>  tubes 


ori;;:38‘sTft.3<;  area 

24-4  in.  ~  46  feet 
20-5  in.  cf>  =  44  feet 
17  6  in.  cf)  42  feet 

r—r  of  ‘h-  tube  size,  would  be 

oven  of  this  size  will  require  four  r+lrs  The’  " 
least  twelve  feet  long.  The  cross  seetm  i  7  radiators  will  be  at 

6.55/4  =  1.64  sq.  ft.  f„  obtain  a "‘'’os  should  be 
The  cross-sectional  area  of  the  three  sizes  is 
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24—4  ill.  4>  (round)  =  1.9  sq.  ft. 

20—5  in.  (f>  (round)  =  2.6  sq.  ft. 

17—6  in.  (f>  (round)  =  3.06  sq.  ft. 

At  first  glance,  it  would  appear  that  even  the  4-inch  diameter  tube  is 
too  large,  but  this  is  not  necessarily  true.  It  is  possible  to  reduce  the 
cross-sectional  area  and  maintain  the  surface  area  by  flattening.  This 
operation  also  causes  a  turbulence  in  the  tube  which  reduces  any  ten¬ 
dencies  toward  stratification  and  also  lowers  the  film  coefficient  along  the 
tube.  These  new  areas  are: 


24—4  in.  <j>  (flattened  50  per  cent)— 1.45  sq.  ft. 

20—5  in.  (f)  (flattened  50  per  cent)— 1.8  sq.  ft. 

17—6  in.  (f>  (flattened  50  per  cent)— 2.25  sq.  ft. 

The  choice  would  be  either  the  round  4-inch  diameter  tubes  with  a 
velocity  of  3,000  ft./  min.  or  the  flattened  5-inch  diameter  tubes  with  a 
velocity  of  3,200  ft./  min.  Either  would  be  acceptable. 

Determination  of  Amount  of  Foreed  Convection.  The  application  of 
forced  convection  in  baking  ovens  is  not  new,  but  it  is  only  within  the 
last  ten  years  that  serious  consideration  has  been  given  to  its  effect  on  the 
various  bakery  products.  For  some  time,  it  was  felt  that  any  amount  ol 
agitation  would  reduce  hot  spots,  even  out  lateral  heat  and  provide  better 
heat  transfer  to  the  loaf.  Eventually,  the  need  for  more  complete  and 
serious  testing  became  obvious.  Although  laboratory  tests  were  helpful, 
it  was  necessary  to  substantiate  the  results  in  full  scale  baking  ovens 
operating  under  normal  production  conditions.  These  laboratory  and 
field  tests  pointed  out  two  very  definite  conclusions.  Volume  and  velocity 
of  the  forced  convection  air  are  the  key  factors.  Although  location  of  the 
iet  streams  was  once  considered  the  most  important  factor,  it  was  found 
that  when  the  correct  volume  of  baking  chamber  air  was  recirculated  at 
the  correct  velocity,  there  was  little  change  in  results  when  the  air  was 
directed  downward  onto  the  product  or  upward  around  the  product.  T 
most  practical  application  is  from  the  bottom  upward.  This  allow, 
maximum  utilization  of  any  free  convection  currents. 

It  is  essential  that  the  optimum  volume  of  convected  air  be  varied  as 

the  type  of  oven  and  the  capacity  are  varied  One  of 
state  the  volume  requirements  is  m  terms  of  cu  ic  ee  o  i^  ^  1 

f  f  l.Pirth  area  The  optimum  figure  is  from  to  -5  cu.  r  ./ 

‘r  The  Iptimum'  velocity  is  from  2,500  to  4,000  ft./  min.  from  the 
l,mm  The  relation  between  the  two  depends  r.pon  the  bas.c  oven 

fS^onvecti.  re,nirement  of  22 

ft./sq.  ft.  hearth  area  at  3,600  ft./ mm. 


cu 


BAKERY  OVENS 


503 


Tlien,  40  X  (24  X  121/144)  X  22  =  17,700  cii.  ft./min. 

Two  or  three  fans  should  be  used  to  keep  the  size  down  and  provide 
flexibility  in  control.  It  is  essential  that  the  fans  feed  the  bottom  plenum 
in  the  center  or  from  both  sides.  Velocity  drops  up  to  50  per  cent  can  be 
expected  across  the  oven  in  plenums  fed  from  one  side  only. 

Heat  Carried  by  Forced  Convection.— Even  though  the  basic  radiation 
system  should  be  capable  of  supplying  enough  heat  for  the  maximum 
production  expected,  it  is  very  helpful  to  have  some  idea  as  to  how  much 
extra  heat  transfer  is  obtained  from  the  additional  forced  convection.  A 
method  of  calculating  this  will  be  shown  for  one  bottom  radiator  in  our 
example: 


Given 

Number  of  tubes  24 

Diameter  0 . 333  ft. 

Length  12  ft. 


Surface  area 

Area  between  tubes 

\'olume  of  convected  air 


300  sq.  ft. 
24  sq.  ft. 
8,850  cu.  ft. 


Then,  the  velocity  around  the  tubes  will  be, 

8,850 


24 


=  369  ft./min.  =  6.15  ft. /sec. 


An  overall  heat  transfer  coefficient  can  be  obtained  from  the  following  equation : 

Ul  _  / vlp'' 


—e 


Aheu  L  l.k  is  Nussclts  number,  and  vlp/N  is  the  Reynolds  number,  K  and  being 
orced  air  constants.  ° 

Ihe  values  are: 

L  =  overall  heat  transfer  coefficient,  B.t.u.  hr./sq.  ft./ °F. 

/  =  tube  diameter  in  feet,  —0.333 

k  =  thermal  conductivity  of  air,  in  B.t.u./hr./sq.  ft./'’?,  at  temperature,  -0.0224 
A  forced  air  constant,  for  tube  >  2  inch  O.D.,  —0.282 

V  =  velocity  air  around  tube,  ft. /sec.,  -6.15 

p  =  density  air  around  tube,  slugs/cu.  ft.  at  temperature  of  media 

M  —  Viscosity  of  air  around  tube,  slugs  ner  sec  sn  ft  /ft  of  t 

-0.564  X  10-6  ^  ^  sec./sq.  it. /It.  at  temperature, 

-e  =  forced  air  exponent,  for  tube  >2  in.  O.D.,  —0.585 
Calculate  p  from, 

PV  =  wRT 


P  = 


w 

.?r 


p 

JiFr 


14.7  X  144 

32.2  X  53.3  X  (460  -KSOO)  ^-00128 
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Then, 


n  _  0.282  (6.15  X  0.333  X  0.00128)" 
k  ~  0.564  X  lF« 

=  0.282  (4,650)"-585 

=  0.282  X  140  =  39.5 


and, 


39.5  X  0.0224 
0.333 


2.66  B.i.u./hr./sc]. 


650°F. 
450°  F. 
200 

Q  =  B.t.u.  available 
a  =  area  tubes,  one  radiator  300  sq.  ft. 

Q  =  UaM 

=  2.66  X  300  X  200  =  159,000  B.t.u.,  hr. 


Furtlier,  given  that 

Average  tube  temperature 
Baking  chamber  temperature 
A/  around  tube 


This  radiator  should  thus  be  capable  of  radiating  300  X  -,480  = 
794,000  B.t.u.,/ hr.  and  giving  up  159,000  B.t.u./hr.  to  the  air  circulated  | 
around  it.  It  must  be  realized  that  some  of  the  above  values  are  assump-  j 
tions  based  on  field  tests  and  that  they  can  vary.  The  important  idea  is  i 
that  20  per  cent  more  heat  can  be  extracted  from  the  conventional  radiator  i, 
system  by  the  addition  of  forced  convection.  It  is  this  added  efficiencv  | 
that  has  helped  to  make  the  tray  ovens  and  the  indirect  heating  system  as ) 
popular  and  successful  as  they  are  today. 


Measuring  the  Effectiveness  of  Baking  Ovens 

No  matter  how  good  a  design  looks  on  paper,  the  ultimate  decision  as 
to  effectiveness  can  onlv  be  made  after  field  tests.  Besides  the  appearance  l 
and  taste  of  the  baked  loaf,  there  are  several  more  specific  tests  that  can  be  jj 
made.  The  first  is  the  determination  of  the  number  of  B.t.u.  requirec  , 

to  bake  a  pound  of  a  specific  product. 

The  test  is  .(uite  simple,  but  as  explained  previously,  the  variable  facto  ■ 
in  the  ecpiipment  ahead  of  the  oven  must  he  considered  ; 

analysis  of  results.  Remember  that  the  l.otter  tlie  proof  bo.x,  t l  e  mme. 
efficient  the  oven  will  appear.  A  linking  test  should  he  made  a 
oven  that  can  he  run  continuously  on  one  product  ^  ^  “j. 

There  should  he  a  separate  gas  meter  tor  the  ciyen  ,t  the  fuel 
a  means  for  weighing  oil  if  the  fiiel  is  oil.  1.  is 
average  sealing  weight,  obtained  by  periodically  checking 
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IN 

Heat  from  fuel 

) 

j 

! 

Heat  from  Ingredients 
Heat  from  pans 

Heat  from  combustion  air 

Heat  from  make-up  air 

i 

I 

i 

I 


Heat  absorbed  by  solids 

Heat  absorbed  by  liquids 
Latent  heat  of  vaporization 

Heat  to  superheat  steam 


Heat  absorbed  by  pans 

Heat  out,  flues 
Heat  out,  stacks 


Heat  losses  through  insula¬ 
tion.  windows,  doors,  etc. 


OUT 


Fig.  129.  Diagrammatic  Representation  of  He.\t  Balance 

M  the  divider,  to  determine  the  overall  product  weight  over  the  test  period 
-Never  take  anyone  s  word  for  scaling  weight.  The  total  pounds  of  product 
irun  through  the  oven,  dhided  into  the  total  of  B.t.n.  used,  gir-e  the  B  t  u 
|requ.red  per  pound  of  dong/,.  This  figure  includes  all  oven  losses  and 

a  true  measurement  of  an  oven's 
(fectiveness  It  is  readily  seen  that  to  obtain  the  best  results  the  burner 

Crthe-nlulVSr '  ^ 

pit  test  which  should  be  run  at  the  same  time  as  the  efficiency  tlst.  ^The 
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bake-out  test  is  made  to  determine  liow  mncli  watc'r  vapor  and  otlier  vola¬ 
tile  gases  are  evaporated  from  the  loaf  during  the  baking  process.  The 
dougli  pieces  should  be  individually  weighed  if  any  degree  of  accuracy  is 
expected  in  this  test.  The  usual  procedure  is  to  weigh  four  dough  pieces 
at  the  moulder  and  hand  pan  them,  marking  each  piece.  Weigh  enough 
pieces  so  that  a  pan  set  can  be  located  at  the  left,  center  and  right  of  at 
least  two  oven  trays.  The  samples  should  be  at  least  three  trays  apart. 
These  sets  are  then  unloaded,  and  the  individually  marked  loaves  are 
again  weighed  on  the  same  scale.  The  difference  in  weight,  divided  hy 
the  original  weight,  multiplied  by  100  is  the  bake-out  loss  in  per  cent.  This 
figure  should  vary  bePveen  7  and  12  per  cent  for  open  top  bread,  de¬ 
pending  on  the  type  of  oven  and  the  baking  time.  Normally,  the  faster 
the  bake,  the  lower  the  bake-out  losses. 

If,  at  the  same  time  the  bake-out  and  oven  efficiency  tests  are  run, 
other  data  are  recorded,  a  heat  balance  can  be  run  o\'er  the  oven.  The 
data  required  are:  pan  set  weight;  stack  temperature;  stack  gas  velocity; 
flue  temperature;  and  Hue  gas  velocity. 

From  these  data,  the  heat  balance  can  be  made  as  diagrainmatically 
shown  in  Fig.  129. 

It  has  been  pointed  out  that  proof  temperatures  should  be  carefully  I 
noted  when  running  oven  performance  tests.  It  is  also  advisable  and  | 
interesting  to  note  the  cooling  temperatures  and  losses.  Moisture  losses  | 
do  not  stop  at  the  oven.  They  continue  on  through  the  cooler,  regardless  i 
of  type,  though  to  a  much  lesser  degree.  .Although  sufficient  evidence  has  j 
not  been  gathered  to  date,  there  is  every  indication  that  overall  moisture  j 
losses  are  constant.  This  means  that  if  the  oven  loss  were  7  per  cent,  the  ' 
cooler  loss  would  be  high,  perhaps  around  4  to  5  per  cent.  If,  however,  , 
the  oven  loss  were  10  per  cent,  the  cooler  loss  would  only  be  2  per  cent. 
There  have  been  indications  of  this  concept  but  not  under  controlled  I 

test  conditions. 

Mechanical  Design  Factors 

Expansion  Joint  Design.-Correct  allowance  for  expansion  is  a  vital  l| 
factor  in  the  smooth  mechanical  operation  of  any  oven.  The  design  ol 
the  heating  system,  conveyor  system  and  oxen  shell  must  all  take  intoi 
consideration  thermal  expansion.  As  previously  stated,  actual  expansion  ■ 
does  not  follow  expansion  rule  directly  because  of  the  varying  numbe. 
of  through  support  memhers.  A  lOO-foot  oven  should  expand  aint>»>- 
mately  3.2  inches  when  being  heated  from  room  temperature  to  .  ^ 

In  practice  it  is  found  that  this  size  oven  will  actually  expand  from  .- 

1.5  inches. 
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There  are  two  basic  ways  to  allow  for  thermal  expansion.  The  first  is 
to  anchor  both  ends  to  the  floor  and  allow  the  expansion  to  move  through 
slip  joints  toward  the  center.  In  this  design,  one  slip  joint  should  be 
provided  for  every  20  to  30  feet  of  oven  length.  The  second  is  to  anchor 
one  end  only  and  allow  the  whole  oven  to  expand  from  this  point. 

The  first  design  allows  both  ends  to  be  stationary,  which  is  required  in 
tunnel  oven  design  using  automatic  loaders  and  unloaders.  It  does  require 
extreme  care  in  the  manufacturing  and  assembling  of  the  slip  joint  so  that 
it  will  function  properly  and  yet  still  be  steam  tight.  The  second  design 
is  most  praetieal  with  tray  ovens  where  loading  and  unloading  are  done  at 
the  same  end.  Care  must  be  taken  in  the  design  of  the  vertical  support 
members  so  that  free  and  easy  horizontal  movement  can  be  obtained. 
The  importance  of  proper  expansion  allowances  cannot  be  stressed  too 
.trongly.  Most  mechanical  problems  in  oven  design  can  be  traced  to 
inadequate  handling  of  an  expansion  problem. 

Determination  of  Conveyor  Drive  Requirements.— There  are  many 
different  ways  to  calculate  horsepower  requirements  for  a  conveyor.  The 
nost  significant  manner  in  which  they  vary  is  the  assumption  of  chain 
riction  and  bearing  friction  figures.  It  has  been  fairly  well  accepted  that 
rearing  losses  due  to  friction  will  be  between  5  and  10  per  cent.  The 
:hain  friction  coefficient  is  also  between  5  and  10  per  cent.  In  order  to 
)btain  more  reliable  figures,  tests  have  been  made  which  allowed  measure- 
nent  of  the  actual  chain  pull  ( in  pounds )  between  the  drive  motor  and 
he  oven  conveyor  sprocket.  Figures  were  obtained  on  enough  sizes  of 
wens  with  enough  different  loads  so  that  curves  could  be  plotted.  The 
)ven  chain  pull  could  thus  be  predicted  for  any  size  oven.  This  figure 
ncluded  chain  and  bearing  friction.  It  was  thus  possible  to  calculate 
vhat  the  total  of  the  two  coefficients  would  be.  It  was  further  possible  to 
>redict  what  the  chain  coefficient  would  have  to  be  if  a  bearing  co¬ 
efficient  were  assumed.  Two  methods  of  calculating  horsepower  require- 

nents  will  now  be  explained;  the  first,  using  theoretical  methods;  the 
econd,  using  the  measured  values. 

lurtLTgiver  121  in.  fays.  We  are 


Weight  of  tray 
Weight  of  grid 

Weight  of  product  and  pans/ tray 
Chain  roller  diameter 
^hain  weight  per  pitch 
coefficient  rolling  friction,  steel  to  steel 
Veight  of  load  per  tray  roller 
’itches  per  tray 


120  lbs. 

60  lbs. 

240  lbs. 

2.5  in. 

3  lbs. 

0.10 

420/4  =  105  lbs. 
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1  hcii  from, 


where, 


F  =  force  to  overcome  rolling  friction 
/r  =  coefficient  of  rolling  friction 
P  =  load  in  pounds 

=  radius  of  roller  in  inches 


Force  to  move  trays  only, 

frP  0.10  X  105 


F  = 


1.25 


=  8.4  Ibs./lray  loller 


d’hen, 

8.4  X  40  X  4  =  1,345  lbs.  to  move  trays  only 

I'orce  to  move  chain  only, 

0.10  X  3 


F  = 


1.25 


=  0.24  lbs. /chain  roller 


'Fhen, 


0.24  X  200  X  2  =  96.0  lbs.  to  move  chain  only 
Force  to  move  conveyor  =  1,345  lbs.-  trays 


96  lbs. — -chain 


1,441  lbs. — 10  per  cent  for  bearings 


1,585  lbs. 


d'orcjue  at  oven  sprocket  1,585  X 


20.22 


p  cl.  =  16,050  in.  lbs. 
7  ^ 


Oven  sprocket  maximum  speed  -  2.6  r.p.m. 


T  X  r.p.m.  _  16,050  X  2.6  ^  ^ 
h.p.  = - 


63,000 


63,000 


From  the  experimental  data,  the  predicted  chain  pull  on  oven  tl  j 
si-.ie  should  he  1,280  lbs.,  which  would  give  a  horsepowei  leqniiem 

Fr7m  these  figmes  it  can  be  seen  that  a  1  or  IV .  horsepower  gear  head., 

motor  unit  would  be  adequate  tor  this  oven.  ^ 

Oven  Chain.-Today  the  selection  ot  oven  conveyoi  cha 

univcrsil  acceptance  because  of  the  ease  with  winch  trays  can  be  secure 
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It  must  be  r('nicinl)(‘recl  tliat  tlie  purpose  of  an  oven  cliain  is  not  pri¬ 
marily  one  of  transmitting  po\N'er  as  is  nsnally  the  ease.  In  the  baking 
o\'en,  tlie  ehain  is  also  used  to  earr}’  or  mo^•e  the  baking  plates  or  oven 
trays. 


The  hollow  pin  ehain  has  suffieient  strength,  a  long  life  expectancy  when 
properly  cared  for  and  is  easy  to  maintain.  The  extremely  slow  movement 
and  high  temperature  are  the  main  requirements  that  void  the  use  of 
precision  roller  chains.  This  is  because  the  close  tolerance  of  the  precision 
roller  chain  does  not  allow  adequate  penetration  of  the  chain  lubricant. 

In  selecting  an  oven  chain,  one  has  the  choice  of  short  pitches,  2  to  3 
inches,  or  long  pitches,  4Vl>  to  9  inches.  Each  has  its  advantages.  The 
short  pitch  chain  has  less  articulation  around  the  sprocket  than  the  long 
pitch,  which  allows  smoother  operation. 

There  have  been  many  discussions  concerning  comparative  pitch 
elongation  or  wear  of  short  and  long  pitch  chain.  No  conclusive  answers 
are  available,  but  theoretically  there  should  be  no  difference.  A  three- 
inch  pitch  chain  will  have  twice  as  many  wear  points  as  a  six-inch  pitch 
chain,  but  the  only  place  bushing  wear  can  occur  is  around  the  sprocket. 
If  the  pitch  diameters  are  the  same,  the  three-inch  pitch  chain  will 
irticulate  half  as  far  as  the  six-inch  pitch  chain  and  thus  wear  half  as 
nuch  per  pitch.  The  total  elongation  due  to  wear  should  thus  be  the  same 
or  equal  length  chains. 

The  question  of  strength  often  arises.  It  was  shown  in  the  preceding 
sections  that  oven  chain  pulls  of  500  to  1,600  lbs.  could  be  expected,  and 
/et  oven  chains  are  expected  to  have  an  ultimate  strength  of  24,000  lbs. 

Assuming  the  same  spacing  is  desired  between  runs,  the  short  pitch 
;hain  will  allow  less  differential  between  sprocket  pitch  diameters  when 
niilding  oven  shells  to  accommodate  more  than  one  tray  size. 


The  long  pitch  chain  is  easier  to  maintain  because  there  are  fewer 


‘hains  as  frequently  as  every  year.  This  was  not  n 
)akery  operation,  because  the  whole  shop  would  be 
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cliangeovcr.  Then,  too,  it  was  an  extremely  expensive  repair.  After  many 
years  of  exiR'rimentin^  and  field  tests,  it  was  fonnd  that  most  suitahlc- 
hdiricant  was  a  suspension  of  superfine  graphite  in  a  hijz;h  ^»:rade  kerosene. 
The  graphite  provides  the  aetnal  low  frietion  medium  between  the  ehain  i 
roller  and  the  hushing  and  hetwet'ii  the  hushing  and  the  hollow  pin  on 
stud.  The  kerosene  vehicle  carries  the  graphite  into  the  areas  to  be? 
lubricated  and  then  vaporizes,  leaving  a  very  minimum  of  residue. 

Other  lubricants  have  been  developed  recently,  utilizing  water  as  ai 
vehicle.  Molybdenum  disulfide  is  used  as  the  lubricant.  This  lubricant 
is  cleaner  than  graphite  and  produces  practically  no  fumes  when  vapo¬ 
rizing.  The  comparison  in  lubricating  properties  between  graphite  andl 
molybdenum  disulphide  is  not  yet  conclusive.  Unfortunately,  the  final  I 
analysis  can  be  made  only  after  3  to  5  years  of  field  test.  Many  lubricants  i 
have  been  tried,  only  to  fail  after  several  years  of  continued  application.. 
No  grease  has  yet  been  found  that  does  not  have  to  be  periodically  re¬ 
placed  with  fresh  grease.  The  final  result  has  always  been  carbonization  i 
and  scoring  of  the  rotating  parts. 

One  of  the  changing  ideas  in  lubrication  is  that  “once  a  week  is:' 
frequent  enough.  This  was  true  when  ovens  were  operated  at  slow  speeds -i 
for  40  or  50  hours  per  week.  Now  that  speeds  have  almost  doubled  andS: 
operation  periods  have  more  than  doidiled,  it  is  necessary  to  lubricate  the 
chain  at  least  once  every  40  hours  of  operation.  No  lubrication  should  be  - 
attempted  unless  the  oven  is  cooler  than  275°F.  If  lubrication  is  done  atl 
temperatures  higher  than  275°F.,  the  vehicle  evaporates  almost  upon  con¬ 
tact,  and  no  penetration  is  achieved.  The  lubricant  is  wasted,  the  me¬ 
chanics  time  is  lost  and  damage  can  occur  to  the  insufficiently  lubricated. 

chain.  ^  , 

Tray  Stabilization.-One  of  the  factors  that  insured  the  success  of  the.- 

tray  oven  was  the  complete  stabilization  of  the  trays.  This  provided  morea 
tronble-free  operation,  allowed  for  automatic  loading  and  unloading  and: 
permitted  a  greater  variety  of  products  to  be  run  through  the  ovens. 

There  are  essentially  three  basic  methods  of  tray  stabdizatnm.  i  •' 
first  is  the  internal  cam  and  guide  roller  method,  as  shown  in  Fig. 

The  second  is  the  third  chain,  illustrated  by  Fig.  131. 

The  third  is  the  diagonally  supported,  staggered  chain,  shm™ 

'^'fhey  are  all  tried  and  proved  methods.  The  internal  cam  is  the  most  i 
econoihcal  but  must  be  perfectly  machined  and  adjusted  ^  prevent  v  bra-.^ 
tion  There  is  a  transfer  of  control  which  makes  perfect  stahihzatio 
dX-iih.  The  third  chain  method  relies  o"  dm  tonsh-l  Wi^ol^--.. 
crank  arm  and  chain  pm  to  maintain  stability,  anc  rniched.f 

and  larger  trays  becoming  necessary,  its  limitations  are  being  app 


RAKKriV  OVENS 


511 


_ _ - 


I'lc;.  130.  Intkknai.  Cam  and  Guide  Roller  Method  for  .S  rAHii.i/iNf;  "J'ra'ss 


Fig.  131.  The  Third-Chain  Method  for  Stabilizing  Trays 


Fig.  132. 


Diagonally  Supported,  Staggered  Chain 

Trays 


Method  for  Supporting 


«... . . 

1  lie  last  and  most  expensive  method  is  the  A  actf..-  a  \  ■ 
lows  complete  and  smooth  control  at  oil  c  system.  This 

.side  the  oven.  It  doerren^  I  I  °f  P"‘s 

.ronize  the  drive  sprocket  and  stabilizing  ’sprocket 
There  are  other  stabilization  designs  bnt  It,.  „ 

)mbinations  of  the  ones  described  fbo’ve.  ^  “  modifications  or 
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Oven  Auxiliaries 

Loaders.— Just  as  ovens  hav^e  grown  more  automatic  and  versatile  in  the 
past  decade,  the  oven  auxiliaries  have  been  redesigned  to  conform  to  the* 
requirements  of  automation.  The  first  so-called  automatic  loaders  did  little 
more  than  allow  the  operator  to  stand  away  from  the  heat  of  the  oven  and! 
have  the  pans  automatically  placed  on  the  oven  trays  or  hearth.  The  i 
concept  of  complete  automatic  plants  brought  about  the  design  of  side  i 
fed  loaders  and  automatic  groupers  or  pan  spacers.  These  innovations-; 
permit  pans  to  be  fed  singly  onto  a  conveyor,  remote  from  the  oven.  The  ^ 
row  of  pans,  regardless  of  the  number  in  the  row,  are  automatically  spaced  ; 
and  metered  to  the  loading  area  in  front  of  the  oven  where  they  are  then  ; 


Fig.  133.  A  Level  Plane  Unloaoer  for  Tunnel  Ovens 


loaded  onto  the  trays  or  hearth,  The  grouping  and  ^le  loading 

ment  can  also  be  fed  automatically  from  the  ^  ^  ,„i, 

loaders  are  now  made  either  removable  or  with  a  diop-ti 

easy  and  ready  access  to  the  oven.  i  Uppn  nacr 

Unloaders.-The  oven  unloading  arrangements  also  had  to 

with  increased  production  demands.  ,„ead  coal.' 

the  grids  of  the  trays  were  tilted  so  that  the  pans  "f 

slide  onto  a  cross  conveyor  extending  adjustabh 

unloader  is  still  preferreil  by  many  ^  aurin^.nloading 

cross  conveyor  has  minimized  the  horizontally  ont 

— »-  of 

a  cross  conveyor  trom  a  levci  ua^ 
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This  offers  very  definite  advantages  in  unloading  buns,  rye  bread  and  pull- 
man  bread.  A  level  plane  unloader  like  that  shown  in  Fig.  133  further 
offers  the  advantage  of  portability  and  removability,  which  cannot  be 
designed  in  a  tilt  tray  unloader. 

The  advent  of  the  raised  wire  grid  in  the  tunnel  oven  has  made  possible 
an  almost  horizontal  unloader,  utilizing  stripper  chains  or  vertically 
.oscillating  bars  between  the  oven  grid  wires.  Such  an  apparatus  is  shown 
[jin  Figure  134.  The  old  method  of  unloading,  used  by  maintaining  fluted 
jand  smooth  lateral  rollers,  required  an  uncontrolled  pan  drop  of  5  to  8 
[inches.  The  horizontal  surface  of  the  newer  type  of  unloader  is  only  Vi> 


Fig.  134.  An  Oven  Unloader  Utilizing  Stripper  Chains 


llrap  depanner.  or  multiple 

■urner  system  and  reUabk  ^rrotectioiT '1™  bod, 

■ven  design.  Variable  sneed  Mr  “  important  part  of 

lause  drives  are  available  wiih  baking  lLenro,r6\”’b^T'“-‘'"‘ 
ontrol  instrument  can  be  mountprl  ^  minutes.  The 

f‘cation  near  the  oven.  In  the  l  ircrer  sen  ’  convenient 

tile  laiger  semi-automatic  or  automatic  plants, 
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it  is  desiral)le  to  have  the  control  panels  for  proofer,  oven  and  cooler 
located  near  one  another  so  one  operator  can  observe  and  control  all  three 
units.  Besides  centralizing  the  control  and  reducing  man  power  to  a 
minimum,  this  compact  grouping  of  the  three  major  units  reduces  con¬ 
necting  conveyors  to  a  minimum. 

Oven  temperatures  can  be  measured  by  use  of  a  thermocouple  and 
potentiometer  or  a  sensitive  mercury  or  mercury  vapor-filled  bulb  and  a 
potentiometer  or  air-operated  temperature  indicator.  The  all-electric  sys¬ 
tems  provide  the  advantage  of  obtaining  the  readings  from  any  number 
of  thermocouples,  using  only  one  instrument.  The  air  system  proportions, 
or  modulates,  the  output  of  the  burner  according  to  product  demand  with¬ 
out  any  visible  "hunting’  or  oscillating  of  the  control  valves.  The  electric 
system  can  be  made  to  modulate  the  burner  continl,  but  hunting  can 
occur  if  careful  adjustments  are  not  made.  A  new  feature  of  the  modu¬ 
lating  control  is  the  added  “off”  part  of  the  cycle.  Normally,  burners  are- 
operated  on-off,  hi-low  or  modulating.  At  times,  even  the  low  fire  is  too* 
much  for  proper  temperature  control.  The  development  of  the  modulat-- 
ing  and  “off”  control  met  this  requirement  for  better  control.  The  use  of 
scanning  light  beams  and  photo-electric  cells  to  protect  unloading  areas? 
from  bent  pans  and  other  operational  irregularities  is  gaining  acceptance.. 
Because  of  the  hot  and  smoky  location  of  these  safety  eyes,  it  is  necessary  - 
to  clean  and  adjust  them  quite  frequently. 


Future  Considerations 

There  can  be  little  doubt  that  the  concept  of  forced  air  agitation  has- 
been  the  major  contribution  to  tlie  advancement  of  baking  ovens  in  the: 
past  twelve  years.  When  one  realizes  that  a  baking  oven  is  IWle  more, 
than  a  heated  mechanical  conveyor  surrounded  by  an  insulated  box,  t  e: 
future  improvements  can  be  seen  to  lie  mostly  in  the  heating  system., 
.41though  improvements  in  the  mechanical  components  can  be  expected 
any  such  improvements  would  not  necessarily  improve  the  produc  ^  • 

or  quality  of  the  bake.  So  far,  the  rate  of  heat  transfer  to  and  throng  - 
product  has  been  tlie  limiting  factor.  Forced  convection  'mpiov  H 
rate  of  heat  transfer  from  the  heating  system  to  the  product.  T1  e  ^ 
of  heat  transmission  through  tlie  product  remains  the  same.  ' 
many  claims  have  been  made  for  heating  systems  capable  of  p  1  & 

a  l/and  15  minute  bread  bake,  the  final  acceptance  or 

system  depends  on  the  somewhat  elusive  and  j  states- 

a  “baked”  loaf.  This  definition  varies  from  one  section  of  the  Uni 

;  Id  p,™ ...  ~,..a » '7“ 

such  variables  as  color,  taste,  odor,  symmetry,  volume,  giam  , 
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and  many  otliers,  tlie  difficulty  of  arri\ing  at  a  universally  accepted  defini¬ 
tion  of  “bake”  is  easily  understood. 

Some  years  ago  the  idea  of  applying  infra-red  heat  to  the  bread 
baking  process  was  proposed  and  tested  to  some  extent.  Since  then  it 
has  been  revived  from  time  to  time.  Actually  bread  in  pans  has  yet  to 
be  baked  faster  in  an  oven  utilizing  infra-red  heat  than  in  an  oven  with 
the  conventional  type  of  heating  system.  It  is  true  that  the  pan  itself  can 
be  heated  somewhat  faster  with  an  infra-red  heating  source,  but  the  heat 
transfer  through  the  pan  and  through  the  loaf  must  still  be  accomplished 
by  conduction.  To  be  most  effective,  the  infra-red  rays  must  “see”  the 
loaf  directly.  Contrary  to  popular  belief,  infrared  rays  do  not  bake  the 
product  from  within.  This  points  out  the  possibility  of  combining  infra¬ 
red  heaters  or  burners  with  conventional  radiation  tubes  or  direct  fired 
ribbon  burners.  Infra-red  rays  begin  to  be  emitted  at  temperatures  of 
around  1,400°F.  If  the  temperature  falls  belo\^^  this,  any  possible  effects 
from  infia-red  baking  are  lost.  The  only  way  to  obtain  burner  turn-down 
and  oven  flexibilit)^  is  by  turning  certain  burners  completely  off,  main¬ 
taining  the  desired  reduced  temperature  with  fewer  burners  turned  fully 
Dll.  Unless  the  burners  are  very  small  and  spaced  close  together,  this 
would  create  hot  and  cold  spots  in  the  oven.  The  possibilities  of  applying 
ntra-red  heat  in  a  practical  manner  are  great,  but  much  testing  'and 
experimenting  will  be  required. 

High  frequency  heating,  while  successful  in  the  preparation  of  some 
oocl,  has  not  yet  been  successfully  adapted  to  bakery  products.  The 

>ossibiht.es.  A  bak^y  oven  employing  high  frequency  baking  would  no 
g  r  e  recopized  as  such.  The  oven  could  be  e.\tremelv  small  and 
'■ould  require  little,  if  any,  insulation.  The  main  questionable  factor  an 
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CHAPTER  19 


Charles  S.  McWilliams 


Canned  Bakery  Products 


Bread,  cakes  and  sweetgoods  bakery  products  are  highly  perishable 
oods  readily  and  rapidly  undergoing  staling,  dehydration,  and  deteriora- 
ion  because  of  mold  growth.  One  method  of  preserving  bakery  products 
s  canning.  This  method  of  preservation  is  of  considerable  interest  to  the 
\rmed  Forces  in  supplying  highly  acceptable  bakery  foods  to  troops  in 
he  field  and  in  situations  where  it  is  impossible  or  impractical  to  operate 
citchen  or  bakery  installations.  To  satisfy  this  need  the  Quartermaster 
^orps  has  pioneered  developmental  research  on  the  canning  of  bakery 
)roducts.  Today,  combat  rations  contain  four  canned  bakery  products: 
1)  white  bread,  (2)  poundcake,  (3)  fruitcake,  and  (4)  pecan  roll. 

Two  of  these  products,  canned  poundcake  and  fruitcake,  enjoy  some 
•ommercial  importance  in  the  civilian  economy.  These  and  other  canned 
)akery  products  potentially  have  value  for  feeding  civilians  in  isolated 

iieas  (for  example  hunters  in  wild  areas,  explorers,  yachtsmen  and  light- 
louse  attendants). 

Canning  offers  an  excellent  method  for  economical  distribution  of 
pecial  dietary  breads.  Except  in  areas  having  very  dense  populations, 
he  demand  for  these  foods  is  not  sufficiently  large  to  permit  supplying 
lem  on  the  same  basis  as  ordinary  white  bread.  Canning  will  allow  stor- 
ge  in,  and  distribution  from,  outlets  which  have  a  very  low  turnover.  In 
act,  selling  of  these  specialty  items  by  mail  is  perfectly  feasible.  Gourmet 
ems  are  another  class  of  baked  goods  which  might  be  adaptable  to 
1  os  o  lese  potential  markets  have  never  been  adequately 


ummg. 

xplored. 


The  manufacture  of  canned  baked  products  spans  two  important  food 
ae  major  demands  ‘for  equl'pmlnt 'md  ^00^^“"  iJe^ 

is  to  equip  a  cannery  for  baking.  ^  ^ 

b.\king 

.'“f  ‘he  food  i.Klustries  and  i„,,n„ct„r.  American 
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Fig.  135.  Can  Lids  Being  Loosely  Clinched  onto  Cans  of 
Baked  Products  Prior  to  Placing  the  Cans  in  the  Oven 


baking  pans.  Canned  baked  product.s  utilize  .standard  bakery  ingredient  . 
and  conventinnal  mixing  and  proees.sing  macliinery.  1  ‘"’S  -  . 

or  batter  is  deposited  into  the  tin  cans  and  tlw  can  hd  is  ' 

clinched  into  place  by  a  can-sealing  machine  (Fig.  135).  lo  ^ 

clinebed  lid  permits  escape  of  leavening  gases  and  steam  evo  v  J ; 

baking  in  tbi  standard  baking  oven  (Fig.  136).  Canned 
may  be  baked  in  either  a  tunnel  or  tray  oven;  if  baked  ‘  ‘  ^ 
the  use  of  wire  baskets  to  keep  cans  evenly  spaced  dni.iig  baking 

advisable. 


CAN  SEALING,  COOLING,  FLIP-TESTING  AND  PACKING  ^ 

Immediately  upon  removal  from  the  oven,  the  ,na- 

clinched  lids,  are  hermetically  sealed  by  an  automatic  c.  .  . 
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Fig.  136.  Canned  Baked  Products  Being  Loaded  into  the  Oven 
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Courtesy  of  Kroger  Baking  Co. 

Fig.  138.  Canned  Baked  Products  Entering  Water  Spray 
Cooler  Immediately  Following  Can  Sealing 


chine  (Fig.  137).  As  the  sealed  can  and  its  contents  cool,  the  steam  i 
atmosphere  within  the  can  condenses,  creating  a  natural,  high  vacuum.  A  j 
high  internal  vacuum  of  not  less  than  25  inches  of  mercury  is  necessary 
to  preserve  natural  flavors  and  to  prevent  can  corrosion  during  storage. . 
In  order  to  achieve  this  high  internal  vacuum,  can  sealing  must  be  accom-  - 
plished  within  60  seconds  after  removal  of  the  can  from  the  oven.  Thus, . 
removal  of  cans  from  the  oven  must  he  carefully  coordinated  with  can  i 


sealing.  ,  „ 

Following  this  sealing  operation,  the  canned  baked  products  are  rapidly 

cooled  Unless  cooling  is  accomplished  quickly,  the  color  and  flavor  ol 
the  product  in  the  can  is  impaired  by  “auto-baking.”  Rapid  cooling  may 
be  accomplished  in  several  ways,  namely :  ( 1 )  exposure  ( on  rack )  to  tan- 

driven  rapidly  moving  air  streams,  (2)  passage  through  a  water  spray 
tunnek’  as  shown  in  Fig.  138,  or  ( 3 )  immersion  in  running  cold  water. 

To  make  certain  that  the  can  is  perfectly  sealed  and  possesses  a  n„i 
internal  vacuum,  the  cooled  can  is  run  through  an  additiona  automatic 
machine  known  ;s  a  “flip-tester”  ( Fig.  139  )  which  determines  the  presenc 

or  absence  of  vacuum  within  the  can  in  the  rXr- 

of  the  can  (usually  the  top  end)  is  placed  under  a  cl^e-fitt  g, 
seated  bell.  A  27-  or  28-inch  vacuum  is  applied  within  the  be  . 
the  can  end  by  means  of  a  vacuum  pump.  When  the  vacuum  wi  nn 
Ml  ..ceeJ.  lb.  v.c...im  wilWn  tl»  ...  b,  5  or  6  'I" 

lib.  lb.  11..I1  .1  .  •I"™  „L,  lUi, 

,.„i«  .1  lb. ... ”  »; 
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1  vacuums  in  excess  of  20  inches,  of  course,  will  not  bulge  outward  and 
I  will,  therefore,  pass  through  the  machine  as  acceptable.  After  ‘  flip- 
I  testing”  the  clean  dry  cans  are  packed  into  containers  for  shipment. 

'  Tin  cans  used  for  manufacturing  canned  baked  products  may  be  pui- 
t  chased  from  any  of  several  can  manufacturers.  The  tin  cans  should  be 
1  enamelled  internally  with  a  lacquer  known  among  can  manufacturers  as 
I  “C”  enamel  to  eliminate  can  corrosion  after  baking.  Tin  cans  may  also 


Courtesy  of  Kroger  Baking  Co. 


Fig.  139.  Canned  Baked  Products  Passing  Through  “Flip-Tester”  Prior 

TO  Being  Packed  into  Cartons 


;be  enamelled  or  lithographed  externally.  The  darker  the  color  of  the 
scan  exterior  the  better  will  be  its  baking  cbaracteristics  because  dark 
icolors  absorb  heat  while  light  colors  reflect  heat. 

:  Can  clinching,  can  sealing  and  “flip-testing”  equipment  is  fully  auto- 
iuatic  and  operates  at  production  rates  of  from  60  to  180  cans  per  minute 
jhven  greater  production  rates  can  be  obtained  by  installing  Lipplemen- 
t  y  canning  machinery.  These  can-processing  machines  are  obhrinable 
fiom  can  manufacturers  on  a  rental  basis  or  by  purchase  at  reasonable  cost. 

I  formulations  and  processing 

^  Possible  formulations  and  processing  steps  for  individual  canned  Iv.l-  1 
-Oducts  are  exemplified  by  bakery  foods  included  in  Military  Kliill;"! 
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Courtesy  of  Kroger  Baking  Co. 


Fig.  140.  Canned  Baked  Products  Ready  for  Shipment 


Courtesy  of  Quartermaster  Food  and  Container  Institute 

Canned  White  Bhead  oe  the  Type  Used  eoii  Apmei. 
Forces’  Rations 


Fig.  141. 


CANNED  BAKEKY  PRODUCTS 


(1)  canned  white  bread,  (2)  canned  poundcake,  (3)  canned  fruitcake, 
and  (4)  canned  pecan  roll  described  as  follows: 


Canned  White  Bread 


The  military  canned  white  bread  (see  Fig.  141),  in  four  can  sizes,  is 
defined  in  explicit  detail  in  the  current  revision  of  Military  Specification 
MIL-B-1070,  “Bread,  Canned.” 

Ingredients  and  Formula.— Manufacture  of  the  military  canned  white 
bread  utilizes  a  bleached  and  matured,  enriched  hard  winter  wheat  flour, 
compressed  yeast  (or  equivalent  of  active  dry  yeast),  salt,  and  sugar  ( cane, 
beet  or  corn).  Less  common  bakery  ingredients  in  the  formulation  are 
buttermilk  solids  and  edible  lactic  acid  ( to  increase  acidity  and  improve 
keeping  properties  of  the  canned  bread),  inactive  dry  yeast  (for  added 
vitamin  fortification),  and  a  special  rancidity-resistant  shortening  known 
as  100-hour  shortening.”  A  large  percentage  of  shortening  is  employed 
in  the  formulation  to  provide  a  high  calorie  content  in  the  canned  bread. 
Absorption  in  the  dough  is  held  at  50  per  cent  or  less  to  facilitate  achieving 
a  finished  baked  bread  moisture  content  of  35  per  cent  or  less  to  assure 
adequate  keeping  properties.  The  formula  utilized  in  the  military  canned 
bread  is  listed  as  follows: 


Ingredients  Parts  by  Weight 

Hard  wheat  flour  enriched . 100.00 

Water,  not  more  than .  50.00 

Compressed  yeast^  .  2.00 

Salt . 


1.75 


Sugar  (cane,  beet  or  corn)  .  8.00 

Shortening  .  1^  00 

Buttermilk  solids .  2  00 

Edible  lactic  acid  (60  per  cent) .  0  30 

Inactive  dry  yeast .  j 

Dough  Processing-Military  canned  bread  is  made  bv  the  100  ner  cent 
sponge  process.  All  of  the  sifted  flour,  n-ater  and  veast  are  combined 

mlnner'Tf  “""r®  “  *e  customary 

“en  ---S  -  held 

netueen  7S  to  F.  The  sponge  is  fermented  for  not  less  than  three 

ours  in  an  air-conditioned  fermentation  room  or  in  a  “cabinet”  fermenta 


he  mixer,  combined  with  the  creamed 
Or  equivalent  active  dry  yeast. 


mass,  and  mixed  at  high  speed 
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until  the  gluten  is  fully  developed.  1'emperature  of  the  resulting  dough  is 
controlled  by  use  of  ice  water  or  brine  in  the  cooling  jacket  of  the  mixer  so 
that  the  dough,  when  dumped  from  the  mixer,  does  not  exceed  86°F. 

Dividing  and  Canning.— Without  floor  time,  the  canned  bread  dough  is 
then  divided  into  dough  pieces  of  the  proper  weight.  The  standard  com¬ 
mercial  dough  divider  capable  of  scaling  uniform  10-ounce  dough  pieces 
is  satisfactory  for  the  401  x  411  can  size.  For  the  smaller  can  sizes,  an 
automatic  bun  divider  is  required.  Alternatively,  two  five-ounce  pieces, 
scaled  on  the  bun  divider,  may  be  used  for  the  401  x  411  can  size.  Can 
size,  scaling  weight,  and  yield  of  baked  bread  are  summarized  in  the 
following  table: 


Can  Size 

Scaling  Weight, 
Ounces 

Minimum  Baked 
Contents,  Ounces 

401  X  411 

10.0 

9.50 

300  X  407 

5.0 

4.50 

300  X  308 

4.0 

3.75 

300  X  200 

2.0 

1.75 

After  dividing,  the  dough  pieces  may  be  rounded  in  the  standard 
rounder;  however,  this  operation  is  not  required.  Prior  to  placing  in  the 
tin  can,  the  dough  pieces  are  covered  by  a  film  of  shortening  ( instead  of 
greasing  the  cans ) .  This  may  be  accomplished  by  rotating  the  dough 
pieces  over  a  short  moving  belt,  coated  with  melted  shortening,  under  a 
wide,  flexible  drag-chain.  The  dough  pieces  then  are  deposited  by  hand 
into  clean,  dry,  empty  tin  cans  and  the  lids  are  attached  in  a  clinching 
machine.  In  this  operation,  the  lids  are  loosely  attached  by  a  single  or 
“first-roll”  operation.  By  code  markings  imprinted  on  the  can  lid,  the 
batch  number  and  date  of  baking  are  marked  on  each  can. 

Proofing  and  Baking.-The  cans  of  bread  then  are  proofed.  In  order 
to  determine  the  proper  proof,  the  lids  of  several  control  cans  for  each 
dough  batch  are  not  clinched  but  merely  placed  on  the  cans  so  that  they 
may  be  removed  for  observation.  When  the  proofed  dough  occupies 
approximately  50  to  60  per  cent  of  the  total  can  volume,  the  cans  are 
loaded  into  the  oven  for  baking.  Proofing  must  be  caiefu  y  contro  ec 
since  under-proofing  will  yield  a  loaf  of  bread  which  does  not  fill  the  can 
completely  and  over-proofing  results  in  a  compression  streak  m  the  baked 
loaf,  men  properly  proofed,  the  canned  bread  is  loaded  into  the  own 
tor  baking.  The  cans  are  evenly  spaced  in  the  oven  (  minimum  distance 
betrveen  cans  approximately  IV2  inches).  The  canned  bread 
42.5°F.  for  15  to  35  minutes,  depending  upon  can  size.  Pioceduie 
aling,  cooling,  flip-testing  and  packing  are  previously  describe  , 
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liCanned  Poundcake 

'■  The  military  canned  poundcake  (see  Fig.  142),  in  four  can  sizes,  is 
Idefined  in  explicit  detail  in  the  current  revision  of  Military  Specification 
lMIL-P-3234,  “Pound  Cake,  Canned.” 


Courtesy  of  Quartermaster  Food  and  Container  Institute 
Fig.  142.  Canned  Pound  Cake 


Ingredients  and  Formula.— Ingredients  employed  in  the  manufacture 
:)f  canned  poundcake  are  all  common  to  cake  manufacture  and  include 
I  bleached  soft  wheat  flour,  granulated  sugar,  shortening  (rancidity 
resistant  lOO-hour  type),  whole  eggs,  egg  yolks,  salt,  and  vanilla  flavoring. 
Ihe  formula  utilized  in  the  military  canned  poundcake  is  listed  as  follows: 


Ingredients 

Soft  wheat  flour  , 

Shortening  . 

Whole  eggs  .  .  .  , 

Egg  yolks . 

Granulated  sugar 

Salt  . 

Vanilla  flavoring 


Parts  by  Weight 

. 25.00 

. 25.00 

. 12.50 

. 12.50 

. 25.00 

(as  required) 

( as  required ) 


:  Batter  Processing.-Tlie  poundcake  batter  is  oreinrerl  in  thn  , 

rdiiiy  ^adrg’t;t 

r.omogeneous  mixture  is  obtained.  >"f^«>.ents  until  a  smooth 
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Courtesy  of  Quartermaster  Food  and  Container  Institute 
Fig.  143.  Canned  Baked  Fruitcake 

A  retorted  (steamed)  fruitcake  of  somewhat  similar  composition  is  also 

used  in  Armed  Forces’  rations. 

Depositing,  Clinching  and  Baking.— Prior  to  filling  with  batter,  the  cans 
are  lined  with  vegetable  parchment  paper  utilizing  a  die-cut  paper  disc 
for  the  can  bottom  and  a  die-cut  strip  for  the  can  walls.  For  the  300  x  200 
can,  a  fluted  paper  cup  made  from  vegetable  parchment  paper  may  be 
used.  Cake  batter  is  then  deposited  into  the  cans  utilizing  a  can  filler 
or  a  cake  depositor  modified  to  feed  tin  cans  automatically.  Can  size, 
scaling  weight  and  yield  of  baked  cake  are  summarized  in  the  following 

table: 


Can  Size 

Scaling  Weight, 

Ounces 

Minimum  Baked 
Contents,  Ounces 

401  X  411 

307  X  409 

300  X  308 

300  X  200 

12.5 

8.5 

5.0 

2.5 

11.50 

7.75 

4.50 

2.20 

After  filling,  the  lids  are  loosely  attached  to  the  cans  in  a  clinching 
machine  by  a  single  or  “first-roll”  operation.  By  ^de  markings  imprintei 
on  the  can  lid,  the  batch  number  and  date  of  baking  are 
can.  The  cans  are  then  loaded  into  the  oven  for  baking  at  350  . 

to  40  minutes,  depending  upon  can  size.  The  cans  ^  *V  ) 

in  the  oven  (minimum  distance  between  cans  approximately  1  /=  inches;. 
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Procedures  on  can  sealing,  cooling,  flip-testing  and  packing  are  those 
previously  described. 

Canned  Fruitcake 

The  military  canned  fruitcake  (see  Fig.  143),  in  four  can  sizes,  is  de¬ 
fined  in  explicit  detail  in  the  current  revision  of  Military  Specification  MIL- 
F-3232  “Fruitcake,  Fresh  and  Fruitcake,  Canned.” 

Ingredients  and  Formula.— Ingredients  employed  in  the  manufacture 
of  canned  fruitcake  are  all  common  to  fruitcake  manufacture  and  include 
bleached  hard  wheat  flour,  shortening  (rancidity  resistant  100-hour  type), 
whole  eggs,  granulated  sugar,  salt,  vanilla  flavoring,  water,  bleached  seed¬ 
less  raisins,  unbleached  seedless  raisins,  diced  glace  cherries,  diced  glace 
pineapple,  diced  glace  citron,  diced  glace  orange  peel,  diced  glace  lemon 
peel  and  pecan  pieces.  The  formulas  used  for  the  cake  batter  and  fruit 
blend  are  listed  as  follows: 


Cake  Batter 


Ingredients 

Bleached  hard  wheat  flour . 

Shortening  . 

Parts  hij  Weight 

. 24.00 

18  00 

Whole  eggs . 

Crannlated  sugar . 

Salt . 

X'anilla  flavoring  (approxiinatelv)  . 
Water  (approximately)  .  .  . 

.  0.25 

Total 

100.00 

Fruit  Blend 

Ingredients 

Raisins,  seedless,  unbleached 

Raisins,  seedless,  bleached 

Cherries,  diced  .  . 

Parts  hij  Weight 

Pineapple,  diced  .  i  no 

Citron,  diced .  y'qq 

Orange  peel,  diced .  0  qq 

Lemon  peel,  diced  ....  9  qq 

Pecan  pieces .  00  aa 

Total 

100.00 

idding  the  balance  of  the  other  ingredients  durin?r  •  • 

lomogeneous  mixture  is  obtained.  ^  mixing  until  a  smooth 
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Courtesy  of  Quartermaster  Food  and  Container  Institute 

Fig.  144.  Canned  Pecan  Roll 


Before  l^lending  with  the  cake  batter,  the  blanched  raisins  and  drained 
glace  fruits  are  blended  thoroughly  with  the  balance  of  the  fruit-and-nut 
blend.  Thirty-five  parts  of  cake  batter  and  65  parts  of  the  frnit-and-nut 
blend  are  then  mixed  thoroughly  to  yield  the  finished  fruitcake  mix. 

Prior  to  filling  with  fruitcake  mix,  the  cans  are  lined  with  vegetable 
parchment  paper  utilizing  a  die-cut  paper  disc  for  the  can  bottom  and 
a  die-cut  strip  for  the  can  walls.  For  the  200  x  300  can,  a  Huted  papei 
cup  made  from  vegetable  parchment  paper  may  be  used.  The  fruitcake 
mix  is  then  deposited  into  the  cans  utilizing  a  can  filler  or  a  cake  depositer 
modified  to  feed  tin  cans  automatically.  Can  size,  scaling  weights  and 
yield  of  baked  cake  are  summarized  in  the  following  table: 


Can  Size 

Scaling  Weight, 
Ounces 

Minimum  Baked 
Contents,  Ounces 

401  X  411 

300  X  407 

300  X  308 

300  X  200 

24.50 

12.50 

9 . 50 

5.25 

24.0 

12.0 

9.0 

5.0 

After  filling,  the  lids  are  attached  loosely  to  tne  cans  m  a  c  . 

...achine  by  a  single  or  “first-roll”  operation.  By  code  .narkings  e 

on  the  can  lid,  the  batch  number  and  date  ot  baking  are  “/fp 

can.  The  cans  are  then  loaded  into  the  oven  for  baking  at  300  to  3- 
for  30  minutes  to  2  hours,  depending  upon  can  size.  During  baking, 
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■anncd  fruitcake  sliould  be  spaced  e\'enly  in  the  oven  (mininuiin  distance 
between  cans  approximately  V/o  inches).  Procedures  on  can  sealing, 
ooling,  flip-testing  and  packing  are  those  previously  described. 


banned  Pecan  Roll 

The  military  canned  pecan  roll  (see  Fig.  144),  in  four  can  sizes,  is 
lefined  in  explicit  detail  in  the  current  revision  of  Military  Specification 
UIL-P-35000,  “Pecan  Roll,  Canned.” 

Ingredients  and  Formulas.— Ingredients  employed  in  the  manufacture 
)f  canned  pecan  roll  are  all  common  to  yeast  leavened  pastry  baking  and 
Delude  bleached  and  matured  hard  wheat  flour,  non-fat  milk  solids,  short- 
ming  (rancidity  resistant  100-hour  type),  water,  compressed  yeast  (or 
ictive  dry  yeast),  granulated  sugar,  egg  yolks,  salt,  honey,  ground  cinna- 
non,  pure  vanilla  extract  and  midget  pecan  pieces.  The  pecan  roll  is 
omposed  of  two  distinct  portions;  i.e.,  the  dough  and  the  filling.  The 
onnulas  for  each  are  listed  as  follows; 


Dough  Formula 

Ingredients  Parts  by  Weight 

Hard  wheat  flour . 46.00 

Xon-fat  milk  solids  .  2.00 

Water . 15.50 

Shortening  . 16.00 

Compressed  yeast^ .  2.00 

Granulated  sugar . 10.00 

Egg  yolks .  8.00 

.  0.50 


Total 


100.00 


Filling  Formula 

Ingredients  Parts  by  Weight 

Granulated  sugar .  23  00 

Honey . 94  qq 

Shortening  . 

Ground  einnamon .  0  qq 

.  1  00 

Pure  vanilla  extract^ .  q  cq 

Hard  wheat  flour . !  !  .  !  24  50 

Midget  pecan  pieces .  19  00 

100.00 

Processing  and  “Make.Up.”-The  pecan  roll  dough  is  prepared  bv 
dough  method.  The  temperature  of  the  dough  is  controlled 


o  equivalent  quantity  of  active  dry  yeast 
*  Single  strength. 


a 

so 


530 


BAKERY  TECHNOLOGY  AND  ENGINEERING 


Courtesy  of  Kroger  Baking  Co. 

Fig.  145.  Mechank:al  Bench  EMin.OYEn  in  Preparing  Canned  Pecan  Roll 


Courtesy  of  Kroger  Baking  Co. 


Fig.  146.  Pecan  Roll  Dough  Being  Cut  by  a  “Guillotine ’’ 
Cutter  Prior  to  Being  Placed  into  Paper-Lined  Cans 


that  it  does  not  exceed  Tlie  dongli  is  given  only  sufficient  teiment.. 

tion  time  to  relax  the  Hour  gluten  and  achieve  optimum  machmahilitv. 
The  pecan  roll  filling  is  prepared  hy  blending  all  ingredients  on  s 
speed  in  a  mixer  until  a  uniform  creamed  mass  is  obtained 

The  pecan  roll  dough  is  continuously  sheeted  on  a  inechanicaM 
(Fig  145)  so  that  the  dough  sheet  is  not  less  than  ten  inches  \vu  e,  . 
a  nine  square  inch  piece  does  not  weigh  more  than  one  ounce. 
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illiiig  then  is  continuously  sheeted  onto  the  pecan  roll  dough  and  is 
lynchronized  so  as  to  yield  equal  weights  of  dough  and  filling  over  any 
pven  surface  area.  The  resulting  sheeted  dough  and  filling  then  is 
oiled  mechanically  and  continuously  in  a  spiral  (as  in  a  cinnamon  bun) 
o  that  the  roll  has  six  distinct  layers  of  dough  and  five  layers  of  filling 
vhen  cut  at  a  right  angle  to  the  length  of  the  roll.  Cutting  to  the  proper 
ize  and  weight  is  accomplished  mechanically  utilizing  a  “guillotine” 
‘litter,  shown  in  Fig.  146. 

Depositing,  Clinching  and  Baking.— Prior  to  filling,  the  tin  cans  are 
ined  with  silicone-treated  vegetable  parchment  paper  utilizing  a  die-cut 
lisc  for  the  can  bottom  and  a  die-cut  strip  for  the  can  walls.  The  raw 
lecan  roll  is  then  placed  in  the  tin  can  so  that  the  dough  strip  is  parallel 
o  the  can  wall.  Can  size,  scaling  weight,  and  yield  of  baked  pecan  roll 
ire  summarized  in  the  following  table: 


Can  Size 

Scaling  Weight, 
Ounces 

Minimum  Baked 
Contents,  Ounces 

401  X  411 

20.50 

19.50 

300  X  407 

10.50 

10.00 

300  X  308 

8.25 

8.00 

300  X  200 

4.50 

4.25 

After  filling,  the  lids  are  attached  loosely  to  the  cans  in  a  clinching 
lachine  by  a  single  or  first-roll  operation.  By  code  marking  imprinted 
n  the  can  lid,  the  batch  number  and  date  of  baking  is  marked  on  each  can. 
he  cans  are  then  loaded  into  the  oven  for  baking  at  40()°F.  for  20  to 
depending  upon  can  size.  During  baking,  the  canned  pecan 
)  should  be  spaced  evenly  in  the  oven  ( minimum  distance  between  cans 
pproximately  1 V2  inches).  Procedures  on  can  sealing,  cooling,  flip- 
stmg  and  packing  are  those  previously  described. 


BACTERIOLOGICAL  ASPECTS  OF  CANNED  BAKED  PRODUCTS 

Undoubtedly,  the  most  difficult  problem  in  the  development  of  canned 

zardsD  re  fi  "'f  bacteriological  or  food  poisoning 

azards  n  the  finished  baked  product.  In  canned  cakes  (both  poundcake 

■n  ative  7)  Ifc  frT'  \  regard  soluble  solids  coiv 

tkes  and  canned 

|.ch  is  not  the  case.  bovvever, 

potendairy’SenTel7teic\? 

■hese  bacteria  are  frequently  found  in  soil  a‘nd  ffirbreTu.sS  tt 
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fore,  may  be  present  in  several  of  the  ingredients  used  in  the  manufacture  > 
of  canned  bread.  The  bacteria  or  spore,  in  itself,  is  harmless;  however, , 
when  conditions  are  favorable  for  the  germination  of  this  spore,  a  highly 
poisonous  toxin  is  produced  by  the  growing  bacteria.  Consumption  of : 
a  food  containing  this  lethal  toxin  by  a  human  or  other  warm-blooded  I 
animal  produces  the  illness  botulism,  which  can,  and  usually  does,  result ! 
in  death. 

Two  solutions  to  this  toxicity  problem  are  potentially  feasible:  (1)' 
process  the  canned  bread  with  sufficient  heat  to  destroy  the  bacteria  and  I 
its  spores,  as  is  standard  practice  in  most  canned  foods  (canned  meats,, 
for  example),  or  (2)  modify  the  formula  and  conditions  within  the 
canned  bread  so  that  the  bacteria  or  spore,  if  present,  cannot  germinate 
and  produce  toxin  (modify  the  pH,  for  example). 

While  canned  bread  is  baked  in  a  400°  to  450°F.  oven,  the  temperature 
within  the  loaf  never  exceeds  210° F.  during  baking.  Since  a  temperature 


of  250°  F.  for  approximately  three  minutes  is  required  to  destroy  the 
hotidimim  spores,  baking  cannot  accomplish  sterilization.  Research - 
demonstrated  that  heat  processing  of  canned  bread  in  a  retort  ( under  high 
pressure,  high  temperature  steam )  to  sterilize  the  baked  bread  produced ! 
objectionable  discoloration  and  off-flavors  rendering  the  product  un-- 
acceptable. 

The  second  alternative  proved  more  promising.  Bacteriological  re-- 
search  sponsored  by  the  Quartermaster  Corps  and  reported  by  Kadavy  and 
Dack  (1951)  and  Wagenaar  and  Dack  (1954)  demonstrated  that  CA. 
])0tulinuni  spores  in  canned  bread  of  moisture  contents  of  35.0  per  cent  oi  i 
less,  regardless  of  pH,  woold  not  germinate  and  produce  toxin.  In  addi-- 
tion,  this  research  demonstrated  that  CL  Botiiliiwm  spores  in  canned 
bread  of  pH  4.8  or  less,  regardless  of  moisture  content,  would  not  germi¬ 
nate  and  produce  toxin.  Consequently,  the  military  canned  bread 
product  is  manufactured  in  such  a  manner  as  to  yield  a  finished  product  i 
containing  less  than  35.0  per  cent  moisture  and  a  pH  value  of  4.8  or  less, 

thereby  providing  bacteriological  safety. 

To  insure  bacteriological  safety  during  storage  it  is  necessary 
bacteriological  inhibiting  properties  of  the  finished  product  (^“8"  “  ‘  ' 

contents  in  canned  poundcake,  fruitcake  and  pecan  roll  and  the  mo  stu  - 
content  and  pH  value  in  canned  bread)  do  not  change.  Imperfertl  ■ 
sealed  tin  cans  would  afford  opportunity  for  change  m  these  cnbcH 
factors  To  preclude  this  hazard  all  canned  baked  products  are  sub) 
to  the  “flip-testing”  operation  to  screen  out  imperfectly  sealed  tin  cans. 


Anon. 

Anon. 


bibliography 


OMC  canned  bread.  Modern  Packaging 

Poundcake,  canned.  Military  Specification  MIL-P-3^34A. 


CANNED  BAKERY  PRODUCTS 


533 


Anon.  1953.  Bread,  canned.  Militaiy  Specification  A//L-B-i070B. 

Anon.  1955.  Fruitcake,  fresh  and  fruitcake,  canned.  Military  Specification 
MIL-F-3232C. 

Anon.  1956.  Pecan  cake  roll,  canned.  Military  Specification  MIL-P-3234A. 

Kadavy,  J.  L.,  and  Dack„  G.  M.  1951.  The  effect  of  experimentally  inocu¬ 
lated  canned  bread  with  spores  of  Clostridium  hofulinum  and  Bacillus  mesen- 
tericus.  Food  Research  16,.  328-337.  ^ 

League,  D.  N.  1953.  In-can  baking  perfected.  Food  Eng.  25,  No.  5,  86-87, 
151-153. 

.McWilliams,  C.  S.  Canned  white  bread  for  the  armed  forces.  Bakers  Weekly 
164,  No.  2,  30-34,  52-53. 

SoLosKi,  T.,  and  Cryns,  J.  1950.  Practical  and  theoretical  considerations  in 
the  manufacture  of  canned  bread.  Transactions  Am.  Assoc.  Cereal  Chemists 
8,  107-112. 

Wagenaar,  R.  O.,  and  Dack,  G.  M.  1954.  Further  studies  on  the  effect  of 
experimentally  inoculating  canned  bread  with  spores  of  Clostridium  botu- 
linum.  Food  Research  19,  521-529. 


CHAPTER  20 


Donald  K.  Tressler 


Freezing  of  Bakery  Products 


INTRODUCTION 

Althougli  tlie  commercial  freezing  of  bread,  cake  and  otlier  baked 
products  lias  been  practiced  less  than  ten  years,  the  freezing  of  bread  by 
larmers,  hunters  and  trappers  has  long  been  a  common  practice  in  winter 
ill  cold  climates.  Some  of  the  farmers  in  the  isolated  sections  of  the  Gaspe 
Peninsula  still  use  big  ovens,  often  located  out-of-doors,  to  make  a  supply 
of  bread  large  enough  to  feed  their  families  for  several  weeks,  and  then 
keep  the  bread  in  an  imheated  room  where  it  soon  freezes,  and  once 
frozen,  retains  its  freshness  for  many  weeks. 

At  present  two  bakers,  who  produce  bread  of  the  “homemade  type,” 
freeze  bread  on  a  large  scale.  One  of  these  bakeries  freezes  only  the  bread 
which  is  to  be  shipped  a  considerable  distance;  on  arrival  at  destination 
the  bread  is  thawed  before  sale.  The  frozen  bread  produced  by  the 
other  company  is  not  thawed  before  sale  at  retail.  Other  bakeries  are 
experimenting  with  bread  freezing,  some  of  which  is  carried  on  on  a 
pilot  plant  scale. 

Cakes,  of  various  kinds,  shortcakes,  waffles,  and  pancakes  are  also 
frozen  on  an  important  scale  and  marketed  from  frozen  food  cabinets. 
Unbaked  doughs  and  batters  of  many  kinds  are  also  frozen. 

Of  particular  interest  is  the  new  system  of  making  the  doughs  and 
batters  in  a  central  plant,  freezing  the  goods  ready  for  baking,  transport¬ 
ing  them  to  a  chain  of  retail  stores,  where  they  are  held  until  needed 
for  sale,  then  baked  and  sold  very  shortly  thereafter  (Anon.  1959A). 
Items  marketed  in  this  way  include  cheesecakes,  poundcakes,  and  marble 
cakes,  cream  pies,  miniature  Danish  pastries,  coffee  rings,  cheesecake- 

strips,  apple  turnovers,  and  individual  onion  rolls.  i  i  i 

Freezing  is  an  almost  ideal  method  of  preserving  nearly  all  baked  . 
products  Although  a  few  cakes  and  specially  prepared  bread  of  low  pH 
can  be  preserved  by  canning  (see  Chap.  19),  canning  is  not  likely  to  • 
have  wide  application  for  the  preservation  of  baked  good.s.  Bread  i  - 
frozen  rapidly  and  maintained  at  l)°F.  or  below,  retains  its  freshness  fo  j 
many  months  (Tressler  and  Evers  19,57),  Some  kinds  of  rozen  cakes, 
retain  their  freshness  almost  perfectly  for  long  periods;  others  have  a 

relatively  short  storage  life. 

Thessleb  is  Editor  of  the  Avi  Publishing  Co..  Inc.  .and  Manager,  Donald  - 


K.  Tressler  and  Associates. 
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BREAD 

mportance  of  Freezing 

Because  of  the  relatively  short  storage  life  of  freshly  baked  bread,  any 
nethod  of  preservation  which  makes  possible  the  holding  of  bread  for 
ong  periods  is  of  great  interest.  The  magazine  Baking  Indiistrij  con- 
lucted  a  survey  (Anon.  1954B)  which  indicated  that  a  wholesaler  with 
12  routes,  with  51  daily  stops  on  each  route,  had  an  annual  return  in  1953 
)f  stale  bread  worth  more  than  $64,000.  The  average  gross  profit  in  that 
^ear  of  the  wholesalers  surveyed  was  $61,500.  It  is  evident,  therefore, 
hat  if  the  freezing  of  bread  will  eliminate  the  losses  resulting  from  the 
etum  of  stale  bread,  the  baker’s  profit  will  be  materially  greater  than  it 
low  is. 

Freezing  of  bread  would  help  the  baker  to  have  regular  production 
chedules  at  normal  working  hours,  and  consequently  simplify  his  labor 
iroblems.  It  may  also  be  possible  for  the  baker  who  freezes  his  bread 
o  furnish  his  customers  with  a  product  having  a  more  uniformly  high 
juality  than  is  now  the  case. 


nfluence  of  Temperature  on  Rate  of  Staling 

Cool  bread  (unfrozen)  becomes  stale  in  much  less  time  than  warm 
iread.  Using  only  physical  characteristics  as  criteria  Katz  (1928,  1934) 
ound  that  at  140°F.  bread  would  stay  “fresh”  indefinitely  (flavor  de- 
eriorates  rapidly  at  this  temperature);  and,  further,  that  at  ordinary  room 
emperatures  the  rate  of  staling  was  most  rapid  during  the  first  twelve 
lours.  His  observations  indicated  that  the  maximum  rate  of  staling 
iccurred  at  temperatures  of  -|■27°F.  to  -{~29°F.,  and  that  the  rate  de¬ 
creases  as  the  temperature  is  raised  or  lowered. 

Many  research  workers  have  demonstrated  that,  although  bread  stales 
/ery  rapidly  at  its  freezing  point,  if  it  is  stored  at  ()°F.  and  below  the 
•ate  of  staling  is  very  slow.  At  -30°F.,  the  bread  is  still  palatable  after 
ipproximately  one  year’s  storage  (Onnes  1937;  Cathcart  and  Luber  1939- 
2athcart  1941;  Pence  et  al  1955A,  B,  and  C). 

Cathcart  and  Luber  (1939)  drew  the  following  conclusions  from  a  care- 
111  comprehensive  detailed  study  of  changes  in  commercially  baked 
'>read  held  in  a  commercial  freezer  at  +12°,  _ 8°,  and  _ 31°F  • 


o+r't"!  ‘Vhr'l"’f  ‘emperatures  as 

ow  as  -8  F.  This  test  showed  that  it  was  about  half  stale  when  placed  in 

he  freezer  (eight  hours  out  of  the  oven)  and  nearly  completely  slale  after 

.4  hrs.  in  the  freezer.  At  about -31°F.  the  bread  was  bent  iT.  n  , 

■ondition  for  a  period  of  about  four  day’s  and  reauire  S?„  U  "‘f  u' 

.early  stale,  according  to  the  swelling  ^ower  Z  t^s  ^.0'“ 
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tinned  for  60  to  70  days,  a  refreshening  of  the  bread  was  observed;  the  sedi¬ 
ment  returned  to  values  in  the  neighborhood  of  those  for  unfrozen  bread  eight 
hours  out  of  the  oven.  ^ 


According  to  aroma  and  taste  tests,  bread  frozen  at  — 8°F.  remained  good 
for  20  days  and  salable  for  approximately  40  days.  At  -31°F.  it  has  a  much 

better  keeping  quality  and  remained  in  a  saleable  condition  for  much  longer 
periods  of  time. 


Although  the  change  in  the  starch,  which  the  swelling  power  test  measures, 
is  important,  it  does  not  tell  the  whole  story  about  staling. 

The  dev'elopment  of  an  off-aroma  was  the  limiting  factor  for  the  time  the 
biead  could  be  kept  saleable  by  freezing  at  the  temperature  used. 

At  — 8°F.,  carbon  dioxide  in  the  freezing  chamber  did  not  improve  the 
keeping  qualities. 

“When  bread  frozen  at  —  8°F.  was  removed  from  the  freezer,  it  staled  at 
about  the  same  rate  as  ordinary  bread.  .  .  . 

Although  bread  does  not  keep  indefinitely  at  the  temperatures  emploved, 
freezing  offers  an  excellent  means  of  keeping  commercial  bread  in  a  saleable 
condition  for  40  days  or  longer.  It  must  be  remembered  that  all  frozen  products 
deteriorate  slowly  during  storage,  when  comparing  the  practicability  of 
freezing  bread  with  other  food  products.” 


More  recently,  Pence  et  ah  (1955C)  studied  the  effect  of  storage  tem¬ 
perature  on  firmness  increases  in  frozen  bread  and  reported  that  the  firm¬ 
ness  increases  fairly  rapidly  at  15°,  more  slowly  at  +10°,  and  very  little 
or  not  at  all  at  0°F.  or  below.  Their  data  are  presented  below: 


Storage 

I’emperature,  °1’. 

I  )ays 

Average  Increases  in 
Firmness, 

G./4  mm.  Compression 

15 

3 

27 

10 

24 

14 

0 

24 

0 

-10 

24 

0 

Table  75 

F.KFECT  OF  AGE  OF  BREAD 

AT  TIME  OF  FREEZING  ON  FIRMNESS  AND 

TASTE-PANEL  EV.M.U.ATION 

OF  FRESHNESS  AFTER  DEFROSTING* 

_ 

Age  at  Time  of 

Firmness, 

Mean  Rank  by 

Freezing  Hours 

G./4  mm.  Compression 

Taste  PaneF 

Freshly  Defrosted 

4 

92 

1.3 

11 

109 

1.8 

34 

131 

2.9 

48  Hours  After  Defrosting 

4 

172 

1  .2 

11 

183 

2.3 

34 

201 

2.5 

'  From  Pence  et  al.  (19550.  ,  r  u  sninnle  would  receive  the  rating 


te.sting  times. 
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Since  staling  takes  place  most  rapidly  during  the  first  few  hours  after 
:)aking,  bread  should  be  frozen  as  soon  as  possible  after  it  comes  rorn 
he  oven.  This  was  shown  by  Pence  et  al  (1955C)  in  a  study  in  which 
hey  used  a  taste  panel  and  determined  the  firmness  of  bread  frozen  4, 
1 1,  and  34  hours  after  baking.  Their  results  are  shown  in  Table  75. 

These  workers  also  studied  the  effect  of  variations  in  the  storage 
emperature  on  the  firmness  of  bread  frozen  at  20  F.  and  noted  that, 
vhen  the  temperature  was  fluctuated  between  0°  and  20  F.  (on  a  24- 
lour  cycle),  the  bread  soon  lost  its  compressibility  (Table  76). 

Table  76 


•'.FFECT  OF  A  VARIABLE  STORAGE  TEMPERATURE  ON  FIRMNESS  IN  FROZEN  BREAD  (TEMPERA¬ 
TURE  FLUCTUATED  BETWEEN  0°  AND  20  °F.  ON  A  24-HOUR  CYCLE') 


Days  in  Storage 

Firmness, 

G./4  mm.  Compression 

0 

94 

7 

123 

14 

131 

28 

165 

^  From  Pence  et  al.  U955C  ). 

Pence  et  al.  ( 1955C )  also  compared  the  firmness  of  the  crumb  of  bread 

hawed  at  different  rates. 

Their  results  follows: 

Defrosting  Time, 

.•\verage  Increase  in  Firmness, 

Hrs. 

G./4  mm.  Compression 

2.3 

13 

5.5 

32 

10.8 

31 

These  data  indicate  the  value  of  rapid  thawing. 

These  researchers  also  considered  the  effect  of  refreezing  after  thawing. 
They  used  unsliced,  round-top  loaves  of  bread  which  had  been  frozen  at 
— 20°F.  in  about  90  minutes.  The  bread  was  held  in  a  freezer  at  0°F. 
)\  ernight,  removed  to  room  temperature  to  thaw  for  five  hours,  then  re- 
Tozen  at  0°F.  Their  data  are  presented  in  Table  77. 


Table  77 


£FFECT  OF  REPEATED  FREEZING  AND 


Number  of  Cycles 
0  (Fresh) 


1 

2 

3 


thawing  ON  THE  FIRMNESS  OF  BREAD  USING  G  /4  MM 
COMPRESSION 


Firmness 


57 

85 

102 

114 


Difference 


28 

17 

12 


538 


BAKKRY  TRCHNOLOCIY  AND  ENGINEERING 


Courtesy  of  Western  Utilization  Research  Branch,  I/. S'.  Dept.  Agr. 

Fig.  147.  Hate  of  Freezing  of  W'happed  and  Unwrapped  Bread  — 20°F. 
Pl.AGED  PaRAEEEE  TO  AlR  FlOW,  AND  UNWRAPPED  BrEAD  PlACED  CrO.SS- 

wi.se  to  Air  Flow 

If  the  frozen  bread  is  thawed  and  held  at  ordinary  room  temperatures 
it  retains  its  freshness  about  as  long  as  fresh  bread  which  has  not  been 
frozen  (Pence  and  Standridge  1955;  Anderson  1954). 

Packaging 

\Vork  by  Cathcart  (1941)  indicated  that  the  packaging  of  freshly 
baked  bread  in  hermetically  sealed  cans  prior  to  freezing  greatly  increased 
the  length  of  time  that  the  frozen  product  can  be  kept  without  marked 
staling.  In  fact,  bread  sealed  in  a  normal  atmosphere  remained  saleable 
in  cold  storage  for  approximately  one  year.  That  which  was  vacuunj 
packed  not  only  remained  saleable,  but  was  quite  similar  to  freshly  haket 

bread  at  the  end  of  the  year’s  storage. 

Pence  et  al  (1955B)  compared  the  rate  of  freezing  of  wrapped  aiul 
unwrapped  bread  in  an  airblast  freezer  at  -2()°F.  and  observed  that  the 
unwrapped  bread  froze  in  much  less  time  (Fig.  147).  The  nnwriqjpei 
fresh  Itread  loses  little  weight  during  freezing  in  an  airirlast.  These 
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vorkers  reported  that  loaves  of  unwrapped  bread  placed  in  the  freezer 
hree  hours  after  leaving  the  oven  lost  an  average  of  only  four  grams 
approximately  Vt  oz.)  during  freezing  in  a  — 20°F.  airblast  with  IlOO 
t.  per  min.  velocity.  However,  they  found  that  the  loaves  of  unwrapped 
iread  continued  to  lose  moisture  during  storage  at  ()°F.  at  the  rate  of 
ipproximately  two  grams  (Vn  oz.)  moisture  per  day.  They  concluded 
hat  freshly  baked  bread  can  be  safely  frozen  unwrapped,  but  a  wrapper 
s  necessary  to  prevent  serious  moisture  losses  during  storage. 


Courtesy  of  Western  Utilization  Research  Branch,  U.S.  Dept.  Agr. 

Fig.  148.  Effect  of  Air  Velocity  at  Low  Temperatures  on  Rate  of 

Freezing  of  Unwrapped  Bread 


Despite  the  advantage  gained  by  the  more  rapid  freezing  of  the  un- 
vrapped  bread,  followed  by  prompt  paekaging  of  the  frozen  bread,  most 
rread  frozen  commercially  is  wrapped  before  freezing. 

Points  to  be  taken  into  consideration  in  choosing  a  wrapper  for  bread 
o  be  frozen  melude  the  following:  Bread  shrinks  about  six  per  cent 

tt'loofeir  '/  f  ""■‘'PI’*”'’  freezing,  the  wrappers 

r  b  usually  condenses  on  the  wrapper 

de suable  wrapper  should  be  both  sturdy  and  flexible  to  minJm^e 

mg  and  cracking  due  to  handling  of  the  frozen  or  partially  de- 
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Courtesy  of  Western  Utilization  Research  Branch,  U.S.  Dept.  Agr. 

Fig.  149.  Effect  of  Aia  Temperature  at  Intermediate  and  High  Air 
Velocities  on  Rate  of  Freezing  of  Unwrapped  Bread 


frosted  bread.  The  wrapper  should  not  absorb  moisture  and  soften  a.s  • 
otherwise  it  may  be  marked  by  the  fingers  during  handling  after  cle-  - 
frosting.  A  heat-sealable  wrapper  which  seals  securely,  and  does  not  fall  I 
apart  after  moisture  has  condensed  on  it,  is  required. 


Rate  of  Freezing  Bread  under  Various  Conditions 


Pence  et  al  (1955A)  at  the  Western  Regional  Research  Laboratory 
have  studied  the  effects  of  various  factors  on  the  rate  of  fieezing.  As  at 
result  of  their  studies  of  the  effects  of  air  velocity  and  temperature,  freez-  ■ 
ing  with  and  without  a  wrapper,  and  the  position  of  the  loaf  in  the  airhlast  I 

freezer,  they  concluded: 


“Freezer  temperature  was  found  to  be  the  variable  with  greatest  effect  on 
freezing  rate  of  wrapped  bread.  With  unwrapped  bread,  air  ^elocRy  an 
position  of  the  loaf  in  the  airblast  were  factors  of  major  importance.  The  mos 
rapid  method  of  freezing  bread  in  the  present  experiments  was  by  memi 
a  high-velocity,  low  temperature  blast  of  air  at  right  angles  to  the  ‘  men 

Ln  of  an  unwrapped  loaf.  Individual  loaves  could  be  frozen  in  less  than  30 
min.  by  this  method  and  no  significant  loss  of  moisture  was  incurred. 
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“Tbe  wrapper  on  a  loaf  of  bread  slowed  the  rate  of  freezing  about  as  much 
using  a  freezer  temperature  10»F.  higher.  Wrapped  bread  packed  n, 
lasteboard  cartons  froze  several  times  more  slowly  than  individual  loaves  under 
imilar  freezer  conditions/’ 


Time  in  Hours 

Courtesy  of  Western  Utilization  Research  Branch,  U.S.  Dept.  Agr. 

Fig.  150.  Rate  of  Freezing  of  Wrapped  Bread,  Packed  in  a  Paste¬ 
board  Delivery  Carton,  at  Low  Temperature  and  Intermediate  Air 

Velocity 

Niinibers  indicate  position  of  test  loaves  in  carton  and  order  in  which  they 
froze.  Arrows  indicate  direction  of  air  flow. 


The  effect  on  the  rate  of  freezing  of  unwrapped  bread  of  varying  the 
tir  velocity  is  shown  in  Fig.  148.  The  effect  of  varying  the  temperature 
rom  —20°  to  — 40°F.,  and  the  velocity  at  — 30°F.  from  700  ft.  to  1300 
t.  per  min.,  are  shown  in  Fig.  149.  They  tried  freezing  wrapped  bread 
n  a  fiberboard  delivery  carton  in  an  air-blast  at  — 20°F.  (Fig.  150),  and 
bund  it  impossible  to  effect  rapid  freezing. 

These  workers  also  compared  the  freezing  rates  of  unwrapped  one- 
pound  loaves  of  whole  wheat,  raisin  and  sour  French  bread.  Thev  found 
bat  whole  wheat  and  white  bread  freeze  at  substantially  the  same  rate 
despite  a  considerable  difference  in  loaf  density.  Raisin  bread  freezes 
^it  a  lower  temperature  than  white  bread,  whereas  French  bread  freezes 
It  a  higher  temperature.  Because  of  the  shape  of  the  loaf,  French  bread 
reezes  more  rapidly  than  the  other  breads  studied. 
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In  Fig.  147  (p.  538)  are  presented  the  curves  obtained  by  Pence  et  aV 
(1955B)  in  studying  the  relative  rate  of  freezing  of  wrapped  and  „n’ 
wrapped  bread  when  placed  parallel  to  the  airblast,  and  unwrapped 
bread  placed  parallel  and  crosswise  to  the  direction  of  the  air  current 
This  work  clearly  indicated  the  advantages  of  placing  the  loaves  cross¬ 
wise  to  the  airblast  and  the  importance  of  freezing  the  bread  before  wrap- 
if  liipid  freezing  is  to  be  obtained.  Contrary  to  what  might  be  ex¬ 
pected,  they  found  that  unwrapped  bread  loses  little  weight  during, 
freezing  in  an  airblast,  but  loses  moisture  during  subsequent  storage  at' 
()°F.  at  the  rate  of  approximately  Vu  oz.  per  day. 

The  rate  of  freezing  of  wrapped  bread  in  a  York-Union  continuous? 
bread  freezer  is  shown  in  Fig.  159  (p.  557). 


Storage  Life  of  Frozen  Bread 

As  has  previously  been  indicated,  frozen  bread  becomes  stale  very, 
slowly  indeed.  The  lower  the  storage  temperature  the  more  slowly, 
it  becomes  stale  (p.  536).  Early  workers  reported  that  bread,  quick- 
frozen  immediately  after  baking,  held  one  year  at  0°  F.  was  equivalent  in; 
freshness  to  bread  held  one  day  at  70°F.  This  is  probably  a  slighti 
exaggeration.  In  order  to  retain  freshness  as  well  as  this,  the  storage; 
temperature  should  be  — 20°  F.  or  below. 

Formation  of  White  Rings  in  Frozen  Bread.— During  storage  of  bread! 
in  the  frozen  state,  a  whitened  or  opaque  ring  about  ^/4  in.  in  width  some-- 
times  develops  in  the  crumb  just  beneath  the  crust.  When  bread  is- 
stored  at  -t-15°F.,  rings  may  begin  to  appear  in  two  weeks;  at  -|-10°F. . 
rings  may  be  noted  in  about  five  weeks.  At  0°F.,  ten  weeks  or  longer 
elapse  before  the  rings  are  noted.  This  whitening  is  associated  withr 
the  movement  of  moisture  by  sublimation  and  diffusion  of  the  moisture; 
from  the  interior  of  the  crumb  to  a  region  of  lower  moisture  content  just  I 
beneath  the  crust  (Pence  et  al  1958).  Fluctuating  temperatures  es-- 
pecially  at  10°F.  or  above,  may  accelerate  this  movement  of  moisture. 

Because  of  the  danger  of  the  formation  of  these  abnormal  white  rings  * 
when  bread  is  held  for  a  few  weeks,  it  is  of  importance  to  maintain  bread  I 
at  a  low  storage  temperature. 


Defrosting 

Rapid  defrosting  with  moving  air  of  low  humidity  is  of  great  iinpor-  - 
tance  in  maintaining  the  quality  of  frozen  bread.  Pence  et  al  (1956A)  ' 
recommend  refrosting  bread  with  moving  air  (150  linear  ft.  per  ^in.)  at! 
120°F.  and  50  to  60  per  cent  relative  humidity.  However,  Barta  (1958)  • 
of  that  laboratory  (the  Western  Regional  Research  Laboratory),  states: 
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that  air  at  no  less  than  200  ft.  per  min.  velocity  and  a  relative  humidity  of 
30  per  cent  or  less  should  be  used. 

All  are  ajL^reed  that  defrosting  conditions  should  be  such  that  no  mois¬ 
ture  condenses  on  the  cold  bread.  In  still  air  the  rate  of  heat  transfer  is 
slow  and  consequently  defrosting  is  very  slow.  Further,  it  is  likely  that 
moisture  will  condense  on  the  bread,  unless  the  relative  humidity  of  the 
air  is  very  low.  At  temperatures  just  below  32°F.,  staling  is  rapid 
( p.  535 ) ;  therefore,  it  is  important  to  thaw  the  bread  and  bring  it  rapidly 
to  room  temperature  or  slightly  above.  This  can  be  done  best  with  air  of 
low  humidity  which  circulates  freely  and  uniformly  around  the  product. 


ROLLS 

Dinner  rolls  are  prepared  by  yeast  fermentation  and  subsequent  bak¬ 
ing  of  dough  in  much  the  same  way  as  bread;  further  their  composition 
is  much  the  same  as  bread.  Consequently,  rolls  are  subject  to  the  same 
staling  phenomena  as  bread.  In  general,  freezing  preservation  of  rolls 
has  the  same  advantage  as  the  freezing  of  bread.  However,  the  home¬ 
maker  can  be  sure  of  obtaining  freshness  in  her  rolls  by  the  use  of  *^^brown 
and  serve  rolls,  which  are  marketed  without  freezing. 

Rolls  to  be  frozen,  should  immediately  after  baking,  be  rapidly  cooled, 
quick  frozen  and  stored  at  a  temperature  of  0°F.  or  lower  until  needed. 
Then  they  should  be  rapidly  thawed. 

Rolls  intended  for  freezing  are  usually  either  paeked  in  waxed  paper- 

board  trays,  overwrapped  with  moisture-proof  Cellophane,  or  some  other 

tansparent  moisture-proof  sheeting,  or  heat-sealed  in  moisture-proof 
Cellophane  bags. 

Kulp  and  Bechtel  (1958)  have  shown  the  great  advantage  of  the  use 
of  a  warm  airblast  ( QS^F, )  for  reducing  the  time  required  for  the  de- 
trostmg  of  dmner  rolls  ( Fig.  151 ),  both  wrapped  and  mrwrapped. 


Commercially,  most  frozen  pies  are  frozen  before  baking  and  in  most 

instances  are  marketed  in  the  solidly  frozen  condition.  One  comoanv 

however,  prepares  and  freezes  unbaked  cream  pies  and  annie  “  ^  "y’ 
in  a  central  plant  i  see  n  '^‘^4  'i  4-  ^  4pple  turnovers 

the  branch  retail  bakeries  where’ theTare'bakeT'  ‘ 
retail  (Anon.  19.59A).  This  in-sto.e  I  ^  “Id  at 

more  because  of  the  extra  freezing  step  bu[  thk'’-*^'”"  “niewhat 

the  fact  that,  when  marketed  in  tL  ww  In  ,  ^°tinterbalanced  by 
goods  are  negligible.  ^^ecaiise  of  stale  baked 

Since  this  system  of  freezing  of  f 

eezing  of  pies,  turnovers,  cake  hatters,  etc,,  makes 
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Courtesy  of  American  Institute  of  Bakin(> 

Fig.  151.  Effect  of  Defhosting  Temperature.s  on  the 
Defro-sting  Time-s  of  Unwrapped  and  Wrapped  Dinner 
Rolls  at  Air  Velocities  from  0  to  1000  Linear  Ft.  per 

Minute 


it  possible  for  the  baker  to  sell  baked  goods  with  just-out-of-the-oven 
freshness,  a  brief  consideration  of  the  freezing  of  unbaked  pies  and  batters 
is  not  out  of  place  in  this  chapter. 

Most  pies  are  little  changed  by  freezing,  regardless  of  whether  they 
have  been  baked  or  not.  The  filling  of  some  custard  pies  becomes 
curdled  or  “separates”  during  freezing  and  thawing.  Therefore,  the 
freezing  of  custard  pies  should  be  thoroughly  tested  before  planning 

freezing  operations  on  a  commercial  scale. 

Although  pie  dough  is  not  greatly  affected  by  freezing,  there  are  other 
changes  which  may  occur  that  should  be  considered  before  proceeding 
with  commercial  freezing  operations.  In  the  case  of  fruit  pies,  e.g.  app  e, 
peach  and  apricot,  the  fruit  may  darken  because  of  oxidation.  le 
fruit  has  not  been  treated  to  prevent  oxidative  changes  prior  to  use 
the  slices  of  apples,  peaches  and  apricots  must  be  treated  so  as  to  inln  n 
or  at  least  retard  oxidation.  Treatments  commonly  used  include  1 
steaming,  (2)  addition  of  ascorbic  acid  (pure  vitamin  C),  M 

treatment  with  a  small  amount  of  sulfur  dioxide  or  a  sulfite.  ‘ 

information  concerning  these  treatments,  the  reader  is  refeiud  t 
i;"siv:"easti.st  on  food  freezing.  Tl.  Freezing  PreserooUon  of 

Foods  (Tressler  and  Evers  1957).  R  iker 

In  preparing  either  rnrbaked  or  baked  fruit  pies  for  freezing,  tire  bake, 
.should  use  a  jelling  agent  wbieh  will  retain  the  proper  consistency  . 
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clarity  of  filling  and  prevent  the  filling  from  soaking  into  the  bottom  crust, 
which  may  make  it  soggy,  and  make  it  impossible  to  obtain  uniform 
browning  of  the  bottom  crust.  The  selection  of  the  proper  thickening 
agent  is  therefore  of  great  importance.  Waxy  maize  and  specially  modi¬ 
fied  starches,  either  alone  or  mixed  with  Irish  moss  extract,  locust  bean 
gum,  or  low-methoxyl  pectin  are  recommended  by  Tressler  and  Evers 
(1957)  who  give  many  tested  formulas. 

The  preparation  of  pie  dough  for  pies  to  be  frozen  is  not  different  from 
the  practice  followed  in  an  up-to-date  bakery.  All  of  the  ingredients 
should  be  at  60°  to  65°F.  The  shortening,  dry  ingredients  and  water  (or 
milk)  should  be  combined  with  a  minimum  of  mixing  and  handling.  The 
dough  should  be  measured  and  rolled  with  the  least  possible  handling, 
and  formed  into  pies  in  such  a  way  as  to  have  very  little  “scrap”  left  over. 

Mince  and  pumpkin  pies  are  commonly  frozen  before  baking.  On  the 
Dther  hand,  chiffon  pie  fillings  are  plaeed  in  previously  baked  pie  shells. 
WTen  used  by  the  homemaker,  the  chiffon  pies  need  thawing  only,  since 
the  filling  has  been  cooked  and  the  crust  baked. 


CAKES  AND  CAKE  BATTERS 

Almost  all  kinds  of  cakes  can  be  frozen  and  thawed  without  notable 
-•hange.  However,  the  length  of  time  that  the  frozen  cake  can  be  held 

n  storage  without  marked  deterioration  varies  greatly  with  the  kind  of 
:‘ake. 

Matters 


-  lany  kinds  of  batters  can  also  be  frozen  without  appreciable  change- 
lowever,  the  storage  life  of  many  batters  is  short,  unless  special  baking 
:>owder,  which  does  not  continue  to  react  in  the  frozen  cake,  is  used. 

lake  Batters 

1  ressler  ami  Evers  ( 1957 )  report  tliat  yellow  cake  and  gingerbread 
a t  ers  had  a  storage  ife  of  only  14  weeks.  On  the  other  hand  white 

me  ..tT’F C“>^es  after  34  weeks’  stor- 
g  .  .  .  ngel-food  cake  batter  also  has  a  long  storage  life  If  sneei  il 

)ak,ng  powders,  which  do  not  react  until  they  are^heated  are  used  e  ,k 

[ontannng  baking  powder  will  have  a  considerably  long;.-  storage  life! 

Jakes 

Since  only  a  few  bakers  freeze  IvuifArc  iv  f  <■ 

. . . . . . . - 
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freezing  is  the  best-known  method  of  preserving  cakes,  some  undesirable 
changes  may  occur  in  some  cakes  during  freezing  and  subsequent  storage. 
Chocolate  cakes  may  lose  volume  during  freezing  and  storage  (Miller 
and  Beattie  1949);  the  longer  the  storage  period,  the  greater  the  volume 
loss  may  be.  There  may  be  some  loss  of  volume  during  freezing  and 
storage  of  other  kinds  of  shortened  cakes;  but  most  workers  agree  that  it 
is  not  a  serious  matter.  Sponge  and  angel-food  cakes  do  not  ordinarily 
shrink  in  volume  as  do  chocolate  cakes  (Anon.  1954C). 

Yellow  and  poundcakes  become  a  little  firmer  during  freezing  and 
thawing.  Freezing  affects  the  compressibility  of  chocolate  and  devil’s- 
food  cakes  very  little.  Some  workers  have  found  that  freezing  and 
thawing  actually  improves  the  compressibility  (softness)  of  sponge  and 
angel-food  cakes. 

In  the  case  of  angel-food  and  chiffon  cakes.  Pence  and  Hanamoto 
(1959)  could  find  no  significant  difference  in  firmness,  flavor,  or  texture 
as  a  result  of  slow  or  rapid  freezing  when  the  samples  were  compared 
with  each  other  or  with  control  portions  of  the  same  cakes  that  had  not 
been  frozen. 

Devil’s-food  cake  becomes  somewhat  more  crumbly  during  freezing 
and  thawing.  Glabau  ( 1954 )  found  that  this  change  can  he  kept  to  a 
minimum  by  rapidly  freezing  the  cake  at  15  F.  oi  lower. 

Using  a  modified  MacMichael  viscosimeter  as  an  instrument  to  deter¬ 
mine  tenderness,  Glabau  ( Anon.  1954C )  noted  a  decrease  of  tenderness 
of  pound,  yellow  layer,  and  chocolate  layer  cake  during  freezing  and 
thawing,  no  change  in  the  tenderness  of  angel-food  cake,  and  an  increase  j 
in  the  tenderness  of  sponge  cake.  | 

Cake  Scores.-Analyzing  the  results  of  the  tests  of  many  workers  who 
have  studied  the  freezing  and  thawing  of  cakes,  after  two  weeks  storage 
at  0°F.,  the  scores  of  the  thawed  cakes  are  not  much  different  from  those 
of  comparable  freshly  baked  cakes,  except  in  some  instances  the  volume 
score  is  lower,  and  in  others  the  cakes  are  downgraded  because  of  texture 

differences. 


Freezing  Point  of  Cakes 

The  high  sugar  and  soluble  protein  content  and  small  ^ 

the  cake  crumb  reduces  the  freezing  point  of  most  cakes  to  ^  . 

under.  Pence  and  Hanamoto  (1959)  estimate  the  nominal  fieezmg, 

points  of  cakes  as  follows:  chiffon  15°;  ,^  5010  0111- 

3°  to  5°;  and  pound  2°F.  However,  they  indicate  that  t  n  us  _ 

phasized  that  these  nominal  freezing  points  app  y  on  y  ^ 
the  same  or  closely  similar  composition  to  the  ones  used. 
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Storage  Life  of  Frozen  Cakes 

The  scores  for  appearance,  color,  Haxor,  tenderness  and  texture  of 
most  plain  yellow  and  plain  white  shortened  cakes  do  not  drop  greatly 
during  6  or  7  months  storage  at  ()°F.  (Meyer  et  nl.  1953;  Paul  ef  (ih 
1954).  Graul  and  Lowe  (1947)  recommend  storage  of  frozen  cakes  at 
—  10°F.,  since  they  found  the  cakes  retained  their  flavor,  color,  and  aioma 
better  at  this  temperature  than  at  the  usual  0°F.  storage  temperature. 
The  results  of  several  studies  have  indicated  that  the  type  of  shortening 
used  has  a  direct  influence  on  the  retention  of  flavor  during  storage. 
Both  Zaehringer  and  Mayfield  ( 1951 )  and  Meyer  et  al.  ( 1953 )  found 
that  cakes  shortened  with  butter  had  the  longest  storage  life.  Zaehringer 
and  Mavfield  found  that  cakes  made  with  lard  were  definitelv  of  inferior 
flavor  immediately  after  freezing  and  deteriorated  further  during  storage. 

Frozen  spice  cakes  have  a  relatively  short  storage  life  when  compared 
to  most  other  cakes  (Skarha  and  Van  Duyne  1955A;  Tressler  and  Evers 
1957),  and  ordinarily  should  not  be  stored  for  longer  than  4  or  5  weeks. 

Meyer  et  al.  ( 1953 )  have  shown  that  while  frozen  egg-white  sponge 
cakes  retain  their  palatability  almost  perfectly,  egg-yolk  sponge  cakes 
develop  an  undesirable  off-flavor  in  about  two  months. 

A  summary  of  the  data  indicating  the  storage  life  of  cakes  of  various 
kinds  is  presented  in  Table  78. 


Table  78 


LENGTH  OF  TIME  WHICH  VARIOUS  KINDS  OF  CAKE  RETAIN  THEIR  ACCEPTABILITY 


Kind  of  Cake 


Temperature 
of  Storage, 


Acceptability 

Retained, 

Months 


Reference 


.Angel -food 
.Angel-food 


-10°  to  0" 
-10°  to  0 


Cheesecake,  French 

-15° 

“Fathers  Day” 

-15° 

Fruitcake 

0° 

Plain,  yellow 

0°  to  - 

-10° 

-10° 

0° 

Plain,  white 

0° 

Spice 

+  12° 

Sponge  (egg  yolk) 

-10°  to  0° 

Sponge  (whole  egg) 

-10°  to  0° 

4  Meyer  et  al.  (1952 ) 

6-f-  Meyer  et  al.  (1953) 

9+  Beattie  et  al.  (1949) 

14  Beattie  et  al.  (1949) 

12+  .Anon.  (1955) 

9+  Meyer  et  al.  (1953) 

A+  Zaehringer  and  Mayfield 

(1951) 

8+  Graul  and  Lowe  (1947) 

6+  PauW/ fl/.  (1954) 

7+  Paul  fl/.  (1954) 

4  Skarha  and  Van  Duvne 

(1955.A) 

2  Meyer  e/ a/.  (1953) 

6+  Meyer  a/.  (1953  ) 


Frosted  (Iced)  Cakes 


T*  damage  either  the  flat  or  the  fondant  type  of  icincs 
ess  the  frosted  cakes  are  properly  packaged,  however,  moisture  «dll 
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condense  on  the  siirface  of  the  frozen  cake  and  damage  the  icing  when  it 
is  hronght  out  into  a  warm  room.  The  colder  the  cake,  and  the  higher 
the  Immidity,  the  greater  tlie  condensation  on  the  cake,  other  conditions 
being  the  same. 

Packaging 

To  prevent  the  condensation  from  damaging  iced  cakes,  they  must 
be  packaged  in  a  carton  which  is  completely  impervious  to  moisture 
(see  below).  Of  course,  the  amount  of  condensation  can  be  greatly 
reduced,  and,  perhaps  completely  eliminated  by  dehumidifying  the  air 
of  the  room  into  which  the  cake  is  placed  after  it  has  been  removed 
from  the  freezer. 


Fig.  152.  W'ahming  Curves  for  7-Inch  Layer  Cakes  at 
80°F.  ANO  Arout  150  Linear  bx.  per  Minute  Air  \  elocit\ 

Iced  cakes  should  be  allowed  to  thaw  in  the  packages  in  which  they 
were  stored.  Both  the  icing  and  packaging  in  paperboard  boxes  retar( 
defrosting  on  account  of  their  insulating  value  (see  Fig.  152)  accorthng 
to  Pence  and  Hanainoto  (1959),  icings  on  layer  cakes  prolong  freezing 
or  defrosting  times  nearly  as  much  as  paperboard  cake  boxes.  nttei 
cream  icings  provide  more  effective  insulation  than  fudge-type  icings. 

Since  all  kinds  of  cakes  tend  to  dry  out  during  freezing  and  storage, 
and,  as  has  been  pointeil  out  above,  may  be  damaged  by  1“ 

when  they  are  brought  out  of  the  freezer,  both  plain  and  icei  ■ 
should  be  given  proper  protective  packaging.  Further,  most  cak 
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rather  fragile  and  so  must  be  proteeted  during  liandliug.  Cakes  may  be 
first  wrapped  in  a  lieat-sealable  moisture-vapor-proof  sheeting  such  as 
polyethylene  and  then  placed  in  a  carton,  preferably  made  of  bleached 
sulfite  board.  Smaller  cakes  are  often  placed  unwrapped  in  bleached 
sulfite  cartons  which  are  overwrapped  and  heat-sealed  in  a  transparent 
moisture-vapor-proof  sheeting,  such  as  moisture-proof  Cellophane  or  poly¬ 
ethylene.  Although  individually  packaged  cakes  freeze  more  slowly  than 
the  unwrapped  product  (see  Fig.  155),  the  difference  in  rate  of  freezing 
does  not  make  a  noticeable  difference  in  the  quality  of  the  product, 
other  conditions  being  the  same  (Pence  and  Hanamoto  1959). 

However,  if  twelve  poundcakes  baked  in  aluminum  foil  pans,  then 
closed  with  laminated-foil-waxed-paperboard  lids,  are  packed  and  frozen 


Courtesy  of  Western  Regional  Branch,  U.S.  Dept.  Agr. 

Fig.  153.  Warming  Curves  for  9-Inch  Angel  Food 
(Right)  and  Pound  Cakes  (Left)  at  80° F.  and  Arout 
150  Linear  Ft.  per  Minute  Air  Velocity 


in  a  cornigated  fil^erlward  shipping  carton,  the  rate  of  freezing  is  slowed 
to  such  an  extent  that  the  texture  of  poundcakes  is  adversely  affected 
(Pence  and  Hanamoto  1959).  fn  the  case  of  angel-food,  chkon,  and 
ayer  cakes  there  is  no  detectable  difference  between  the  slowlv  frozen 
cakes  and  those  frozen  rapidly.  Even  in  the  case  of  the  slow  frozen 
poundcake,  it  was  superior  to  the  day-old  unfrozen  cake.  Further  the 

S  Ly  Irr  caii  ""  ™  organoleptic  properties 


Defrosting 

It  should  be  obvious  that  cake  should  be  defrosted  before  it  is  served 

And,  of  course,  if  the  baker  uses  freeyincr  it-  i  r 

uses  neezmg  as  a  means  of  preventing  bis 
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cakes  from  becoming  stale  during  either  storage  and/or  transportation 
and  sells  the  cakes  to  his  customers  in  the  thawed  condition,  it  is  neces¬ 
sary  for  him  to  defrost  his  merchandise.  Pence  and  Hanamoto  (1959) 
have  studied  the  rate  of  defrosting  of  plain  and  iced  cakes  ( 1 )  unwrapped 
and  (2)  in  a  paperboard  box  at  80°F.  and  about  150  feet  per  minute 
air  velocity,  conditions  which  they  believe  simulate  those  in  the  average 
kitchen.  Their  data  are  shown  in  Figs.  152  and  153.  These  data  indicate 
that  it  takes  about  one  and  a  half  hours  for  an  unwrapped  cake  to  reach 
50°  and  about  three  hours  to  warm  to  70° F.  Wrapped  iced  cakes  re¬ 
quired  a  half  more  time.  Although  50°  is  somewhat  too  low  a  serving 
temperature,  if  the  cake  is  sliced  when  the  center  is  50° F.,  the  slices 
warm  up  in  a  few  minutes  to  the  prevailing  room  temperature. 

If  moving  air  at  100°F.  is  used,  the  time  required  for  thawing  un¬ 
wrapped  cakes  and  warming  them  to  50° F.  is  only  about  one-third  of  that 
needed  at  80°F.  air  (velocity  in  both  instances  150  feet  per  minute).  In 
the  case  of  packaged  iced  cakes  the  time  required  for  defrosting  is  ap¬ 
proximately  cut  in  two. 


COOKIES 

Most  cookies  contain  so  little  moisture  that  they  can  be  frozen  and 
thawed  several  times  without  affecting  their  quality.  In  general,  the 
lower  the  storage  temperature,  the  longer  they  can  be  kept  in  storage  with¬ 
out  noticeable  deterioration.  Most  kinds  of  cookies  retain  their  palatabil- 
ity  for  at  least  six  months  at  0°F.,  and  considerably  longer  at  lower  tem¬ 
peratures  ( Beattie  et  al.  1949 ) . 

As  is  the  case  with  cakes,  it  is  of  the  greatest  importance  to  package 
them  so  that  they  will  not  dry  out  during  storage  nor  become  soggy  be¬ 
cause  of  condensation  during  thawing. 


MUFFINS 

Freezing  offers  a  means  of  preserving  this  product  which  does  not 
retain  its  freshness  when  preserved  in  any  other  way.  The  storage  li  e 
of  most  muffins  is  about  six  months  at  ()°F.,  and  considerably  longer  at 

lower  temperatures.  , 

Aluminum  foil  packages  are  recommended  so  that  they  can  be  thawec 

and  reheated  in  an  oven  without  removal  from  the  package. 


WAFFLES  AND  PANCAKES 

It  is  surprising  that  products  wl.ich  are  as  simple  to  make  as  waffles 
and  pancakes  are  marketed  successfully  as  frozen  products.  More 
ten  companies  bake,  pack,  and  sell  products  of  tins  type. 
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Tlie  operations  are  simple.  As  a  rule  a  dry  mix  is  prepared  in  advance. 
I’his  can  be  done  in  continuous,  automatic  ecpiipment.  Usually  the  battei 
is  prepared  in  batches,  usiji^  automatic  mixing  equipment.  The  batter  is 
allowed  to  stand  for  a  few  minutes,  after  which  the  waffles  are  baked  on 


thermostatically  controlled  waffle  irons.  1’he  hot  waffles  are  allowed  to 
cool  on  trays  and  then  slipped  into  transparent  bags  made  of  moisture- 
proof  Cellophane,  polyethylene  or  other  moisture-vapor-proof  sheeting, 
usually  two  waffles  to  the  bag.  The  bags  may  be  imprinted  or  printed 
labels  may  be  slipped  into  each  bag.  The  bags  are  closed,  heat-sealed 
and  stacked  on  trays  which  in  turn  are  placed  on  wheeled  racks  and 
moved  into  an  airblast  freezer  where  the  waffles  are  frozen  at  below  zero, 
ordinarily  in  an  airblast.  After  freezing,  they  should  be  packed  in  fiber- 
board  containers  and  stored  at  0°F.  or  lower. 

Frozen  waffles  are  easy  to  prepare  for  the  table.  They  are  reheated  in 
an  ordinary  household  toaster. 

Pancake  batter  is  usually  prepared  from  a  mix  in  much  the  same  way 
as  has  been  described  for  waffle  batter.  After  baking,  the  pancakes  are 
cooled,  packaged  and  frozen  much  as  waffles  are.  Most  homemakers 
thaw  and  reheat  them  in  the  household  toaster. 


SHORTCAKES 


Two  companies  are  now  preparing,  packing  and  freezing  strawberr)’ 
shortcake  on  an  important  scale.  Shortcakes  are  of  two  general  types; 
in  one  the  cake  is  a  true  cake,  either  the  sponge  type  ( angel-food,  an 
egg-white  sponge,  or  legular  sponge,  made  with  egg  yolk  or  whole  eggs), 

or  a  shortened  cake  made  with  whole  eggs;  in  the  other  a  rich  biscuit 
dough  is  the  cake. 

The  cakes  now  being  packed  and  frozen  are  shortened  “gold”  cakes 
either  baked  in  small  aluminum  foil  pans  which  are  used  as  containers 
for  the  shortcakes  or  are  ordinary  baker’s  cakes  cut  to  fit  the  package 
used  for  the  shortcake. 


The  strawberry  filling  is  prepared  by  thickening  and  sweetening  either 

a  strawberry  puree  or  tliawed  sliced  strawberries  with  a  waxy  maize 
Starch  or  a  modified  starch.  ^ 

Either  whipped  cream  or  an  imitation  whipped  cream  prepared  from 
lydrogenated  vegetable  shortening  may  be  used  as  a  topping 

0°F  P“c'<“ges  are  frozen,  preferably  in  an  airblast  at  below 

r  J'Ti  “  temperature  not  higher  than  0°F 

C.ire  shoidd  be  taken  in  handling  the  product  to  be  sure  that  the  prod 

With  resultant  rapid  deterioration  o^  Shty  ""  ""’  " 
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OTHER  FROZEN  PASTRY  PRODUCTS 

Oaiiisli  Pastry 

Danish  coffee  rings,  wliippecl  cream  cakes,  triangles,  apple  combs 
( cockscombs ),  scrnbl:)ing  brushes”  and  “combs,”  cream  buns,  spandauers, 
birthday  sugar  pretzels,  and  other  Danish  pastries  are  not  materially 
changed  by  freezing  and  thawing.  However,  owing  to  the  butter  and 
other  unsaturated  fats  which  they  contain,  they  may  become  rancid  if 
they  are  stored  for  longer  than  a  few  months  at  0°F.  For  long  storage, 
—  1()°F.  or  lower  is  reciuired. 

French  Pastry 

Most  French  pastries  including  cream  puffs  and  chocolate  eclairs  can  be 
quick  frozen  without  marked  change  provided  they  are  held  at  a  uni¬ 
formly  low  temperature.  The  pastry  should  be  frozen  rapidly  immedi¬ 
ately  after  filling,  as  otherwise  the  shells  may  become  soggy.  The  sugar 
content  of  the  fillings  is  usually  high;  consequently  their  thawing  point 
is  low.  Some  of  them  partially  thaw  at  -f  5°F.;  as  a  result,  if  the  storage 
temperature  fluctuates  between  +5°  iind  ()°F.  or  thereabouts,  each 
time  the  temperature  rises  to  +5°F.  a  portion  of  the  moisture  in  the 
filling  thaws.  This  partial  thawing  and  refreezing,  repeated  over  and 
over  again,  may  cause  a  change  in  texture  of  the  filling.  For  this  reason 
some  bakers  freeze  only  the  pastry  shells  and  fill  them  after  thawing 
(  Dressel  1952 ) . 


Cheesecake 

Cheesecake  can  be  frozen  and  thawed  without  noticeable  change  of 
texture  or  flavor.  A  uniformly  low  temperature  is  desirable  for  this 
product,  as  it  reduces  the  danger  of  storage  changes. 


Doughnuts 

The  common  high  shortening  cake-doughnuts,  made  using  baking 
powder  as  the  leavening  agent,  may  change  slightly  in  texture  and  become 
somewhat  crumbly  after  freezing  and  thawing,  if  they  are  not  packed  m 
moisture-vapor-proof  packages  prior  to  freezing  so  as  to  prevent  desicca¬ 
tion.  Further,  this  product  is  high  in  fat  which  may  turn  rancid  if  storec 
for  longer  than  two  months.  However,  much  longer  storage  life  may  be 
obtained  by  the  use  of  very  stable  hydrogenated  shortening;  and  by  stor¬ 
ing  them  at  -2()°F.  (Steinberg  1957).  Because  of  this,  a  storage  tempera¬ 
te, re  of  —  1()°F.  or  preferably  lower  is  recommended  for  this  type  o 

Steinberg  (1957)  compared  the  staling  of  freshly  baked  and  thawed 
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doughnuts  using  both  a  trained  panel  and  a  compressimeter  and  found 
that  both  deteriorated  at  the  same  rate.  Both  the  thawed  and  the  con¬ 
trol  doughnuts  were  considered  saleable  after  five  days  at  75  F. 

Unglazed  raised  doughnuts  leavened  with  yeast  are  little  changed  by 
freezing  and  thawing,  but  should  be  stored  at  — 10° F.  if  they  are  to  be 


TIME—  MINUTES 


^V  rapped  Doughnuts,  Cinnamon  Rolls 
AND  Other  Specialties  in  a  York-Union  Continuous  Freezer  at 

— 30“F. 


held  long.  However,  glazed  yeast  doughnuts  are  changed  in  appearance 
hy  freezing  and  thawing  (Steinberg  19.57).  Irregular  white  patches  are 
oimed  oil  the  glaze  in  about  twelve  hours  at  either  .5°  or  ()°F.-  at  lower 

not  damaged  by  freezing  and  thawing  provided  they  are  packaeed 
in  moisture-vapor-proof  packages.  '  ^  ‘^ckagetl 

Doughnuts  and  other  small  cakes  mrl  r 
-Ch  as  is  used  in  a  YorkTnio:  tezer  ( se 
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Time  m  Hours 

Courtestj  of  Western  Regional  Branch,  U.S.  Dept.  Agr. 

Fic;.  155.  Cooling  Curves  for  7-Inch  Layer  Cakes  in 
Freezer  at  — 2()°F.  anu  650  Ft.  per  Minute  Air  Velocity 


Fig  156.  Racks  of  Bread  Being  Quick  Frozen  at  -2()°F.  in  tpie  Quick 
Freezing  Room  of  Arnold  Bakers,  Inc.,  1  ort  Che.ster,  N.  . 

The  breed  is  frozen  shortly  after  being 
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I  EQUIPMENT  FOR  FREEZING  BAKERY  PRODUCTS 

^  Most  of  the  common  types  of  freezers  used  for  freezing  fruits  and  vege- 
'  tables  are  not  designed  to  freeze  bread,  cake,  pies,  and  other  bakery 
products.  None  of  the  multiplate  freezers  ( e.g.,  the  Birdseye,  the  Amerio, 
i  and  the  Food  Machinery  freezer)  is  advantageously  adapted  to  freeze 
bakery  products. 


■utm 


Courtesy  of  Arnold  Bakers,  Inc. 


Fig.  157.  Packing  Frozen  Bread  into  Cartons  at  Arnold  Bakers,  Inc.,  Port 

Chester,  N.  Y. 


The  simplest  method  of  freezing  baked  goods  is  to  place  the  products 
on  huge  wheeled  racks  which  are  moved  into  a  freezing  room  or  a  tunnel 
provided  witli  powerful  fans  that  blow  cold  air  oter  and  around  the 
goods.  A  common  airblast  temperature  is  ~20°F.  Pence  and  Hanamoto 
( 19.59)  have  shown  that  the  temperature  of  plain,  unwrapped  7-inch  layer 
cakes  is  brought  down  to  0°F.  in  less  than  one  hour  by  a  — 20°F.,  650 
feet  per  minute  airblast.  Similar  cakes  packaged  in  paperboard  boxes 

^^15  ) "  ^  ^^''"Perature  ( see 

Arnold  Bakers  of  Port  Chester,  New  York,  place  freshly  baked  wrapped 
head  on  wheeled  ntcks,  each  2  feet  wide  and  6  feet  long  holding  450 
o  expound  loaves.  As  soon  as  the  temperature  of  the  bread\rlls  to  IhZ 
.,  the  wheeled  racks  are  pushed  into  a  -22°F.  freezing  room  (see 
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Courtesy  of  York  Cory. 


Fig.  158.  1'he  Yohk-Union  Continuous  Freezer  Wtth  Outer  W  alls  and 
Rook  RexMoved,  Showing  Conveyor  System,  Fans  (Center)  and  Banks  ok 

Freezing  Coils 


This  freezer  was  cknelopecl  by  tlie  York  Corporation  witli  the  cooperation  of 
Union  Steel  ITodiiets  Company.  Freshly  processed  food  is  taken  m  on  con¬ 
veyors  and  is  discharged  solidly  frozen  to  storage  rooms.  A  unit  60  ft.  long 
and  1 1  ft.  high  can  freeze  3500  loaves  of  bread  in  an  hour. 

In  this  freezer,  a  compound  compression  system  is  used  to  produce  the  low  tem¬ 
perature  reciuired  for  rapid  freezing  of  bread.  A  rotary  compressor  is  used  tor 
the  low,  or  first  stage  compressor,  and  a  reciprocating  compres.sor  is  employed 
for  the  high  or  second  stage.  The  high  stage  compres.sor  dischargt*s  Freon  gas 
under  high  pressure  into  a  water-cooled  condenser.  I  he  conckn.sed  ^  J 

a  receiver  and  is  pumped  from  the  receiver  through  coils.  The  low  .stage  eon 
pres.sor  removes  the  gas  from  the  receiver  and  pumps  it  through  an 
cooler  to  the  high  stage  eompre.ssor.  The  temperature  of  the  coi  .s  -  -  tamed 
at  approximately  -40°.  A  coil  bank  is  p  aced  along  ei  her  ^  ^co  ^ 

air  is  circulated  in  the  freezing  tunnel  by  six  fans^which  maintain  a  unitorn 

temperature  of  —30°. 
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Fig.  156),  equipped  with  “No-Frost”  Niagara  Blower  coolers.  Cold  air 
is  delivered  into  a  plenum  over  a  false  ceiling.  Fans  located  at  the  corners 
of  the  aisles  formed  by  the  bread  racks  distribute  the  air  uniformly 
through  the  racks.  When  this  room,  which  measures  40  feet  by  40  feet, 
is  fully  loaded  with  bread,  4  to  6  hours  are  required  for  freezing. 


Courtesy  of  York  Corp. 

Fig.  159.  Rate  of  Freezing  of  Wrapped  Bread  in  York-Union  Con¬ 
tinuous  Freezer 


These  curves  indicate  that  the  “skin”  temperature  reaches  the  freezing  point 
in  less  than  ten  minutes,  whereas  tlie  core  temperature  does  not  reach  the 
freezing  point  for  about  90  minutes.  Curve  A  also  shows  that  once  the  core 
temperature  has  reached  the  freezing  point,  it  will  remain  at  that  point  for 
approximately  30  minutes  before  dropping  further. 


When  the  bread  is  frozen,  the  racks  are  wheeled  out  into  a  packing 
room  where  it  is  packed  into  sealed  eartons  (Fig.  157)  for  shipment  or 
P‘^cl<ing  room  is  dehumidified  and  maintained  at  about 
45  F.  so  as  to  prevent  condensation  of  moisture  on  the  wrapped  bread. 

The  York-Union  Continuous  Bread  Freezer 


e  loik  Corporation  has  cooperated  with  the  Union  Steel  Products 
m  the  development  ot  a  freezer  (no  longer  available)  capable  of  handlin.r 
simultaneously  a  variety  ot  baked  goods  (Figs.  158  and  160)  (.^11011“ 
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1956),  The  use  of  this  continuous  automatic  freezer  eliminates  most  of 
the  labor  required  for  tlie  handling  of  bread  frozen  on  racks.  Wrapped 
or  packaged  baked  goods  roll  onto  the  conveyor  entering  the  freezer, 
move  slowly  through  the  freezing  tunnel  until  frozen,  and  then  leave  the 
freezer  on  a  conveyor  which  transports  it  into  cold  storage. 

Fig.  159  shows  the  rate  of  reduction  of  temperature  of  bread  conveyed 
through  the  York-Union  freezer  operating  at  — 30°F.;  both  the  tempera¬ 
ture  of  the  “core”  (center)  and  the  “skin”  (crust)  of  the  loaf  are  given. 


Courtesy  Pepperidfie  Farm,  Inc. 


Fig.  160.  Blowers  and  Ducts  in  a  New  Type  of  \ork  Freezer 
Especially  Designed  for  the  Freezing  of  Unbaked  Pastry 


As  ordinarily  operated,  temperature  of  the  bread  is  reduced  to  15  to 
20‘’F.  in  the  continuous  freezer,  then  packed  in  fiberboard  shipping  con- 
trainers  and  placed  in  a  ()°F.  storage  until  needed  for  shipment.  Here  the 
temperature  of  the  bread  drops  to  that  of  the  storage  room  within  a 

few  hours.  i  i  i  i.  • 

The  York-Union  freezer  is  also  used  to  freeze  wrapped  doughnuts,  cm- 

namon  rolls,  finger  rolls,  Danish  buns,  pound  and  other  small  cakes.  The 

freezing  rates  of  these  specialities  are  indicated  in  Fig.  154  (p.  55.1) 

Continuous  airhlast  freezers  are  also  available  in  which  the  hakei 

goods  to  be  frozen  are  automatically  loaded  onto  continuously  moving 

trays.  Blowers  force  air  through  the  refrigeration  coils  and  over  the 

product  (Spooner  1957). 
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STORAGE  ROOMS 

Viost  bakeries  store  frozen  baked  goods  in  commercial  cold  storage 
rehouses  where  the  products  are  maintained  at  a  uniform  temperature 
0°F.  Such  storage  facilities  are  available  in  all  of  the  larger  cities 
1  also  in  many  of  the  smaller  towns. 

Vrnold  Bakers,  however,  maintain  their  own  cold  storage  room  which 
cept  at  a  uniform  ()°F.  temperature  by  a  Niagara  “cooler”  having  four 
IS  refrigeration  capacity.  The  low  temperature  is  maintained  uniformly 
oughout  the  storage  room  by  circulating  3,750  cu.  ft.  of  cold  air  per 
lute. 
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Slicing 


SLICING  THEORY* 


Slicing  is  to  the  bread  baker  as  frosting  is  to  the  cake  baker.  It  is  the 
shing  touch  that  often  determines  the  acceptability  of  his  product.  A 
•cer  may  use  the  highest  quality  ingredients  and  the  best  baking  pro¬ 
lure,  but  his  work  will  have  been  in  vain  if  his  bread  is  crushed  and 
ighly  sliced. 

)nce,  when  loaves  were  firm,  slicing  was  not  particularly  a  problem, 
t  with  the  advent  of  the  new  “super-soft”  loaves,  slicing  has  become 
?  of  the  baker’s  biggest  problems.  Many  discriminating  bakers  found 
t  their  bread  was  being  crushed  and  the  fine,  delicate  structure  de- 
)yed  during  the  slicing  process.  When  confronted  with  this  problem, 
)ecame  necessary  to  engage  in  an  experimental  program  to  investigate 
causes  and  determine  the  solutions  of  the  difficulties, 
dost  of  the  research  has  been  concentrated  on  the  relationship  of  band 
iracteristics  to  slicing  performance. 

m  test  band  types,  infeed  rates,  and  band  speeds,  a  test  sheer  was 
istructed  as  shown  in  Fig.  161.  The  test  slicer  was  made  from  a  modi- 
1  band  saw  in  which  the  saw  blade  had  been  replaced  by  a  bread¬ 
ing  band. 


)n  the  table  of  the  band  saw  was  placed  a  carriage  which  was  free 
move  perpendicularly  to  the  band.  As  the  carriage  moved  across  the 
le,  it  moved  a  scriber  across  a  rotating  drum.  This  graphed  a  time 
distance  curve  on  cross-section  paper. 

^s  the  resistance  to  slicing  increased,  it  was  noted  that  the  time  taken 
slicing  also  increased.  By  comparing  the  times  taken  in  slicing  for 
erent  tooth  forms,  band  speeds,  infeed  rates,  etc.,  it  was  possible  to 
what  effect  these  variables  had  upon  slicing. 

tfter  only  a  few  tests,  it  was  discovered  that  the  softness  of  the  loaf 
1  a  definite  effect  upon  the  ease  of  slicing.  To  keep  the  tests  uniform 
aethocl  for  determining  the  softness  of  the  loaf  of  bread  had  to  be 
'ised.  It  was  not  enough  merely  to  squeeze  the  loaf  of  bread  to  deter- 
le  Its  softness.  This  allowed  for  too  much  human  error.  To  one  person 


hpany.’^”""'  Hansaloy  Manufacturing 

rhis  section  was  contributed  l,y  David  L.  Ifiehl  and  John  Hansen. 
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it  might  feel  soft  and  to  another— firm.  This  necessitated  the  invention^ 
of  a  softness  gauge,  which  would  give  consistent  values  from  one  day  to: 
the  next  without  the  chance  for  human  error.  The  softness  gauge  is  illus-^ 
trated  in  Fig.  162. 


Fig.  161.  Test  Slicing  Machine 


The  kyniojiraph  is  sliown  at  tlie  lo\\’er  right  of  the  picture,  and 
the  pressureboard  for  exerting  a  constant  force  against  the  loaf 
of  bread  is  at  the  left  center  of  the  photograph. 

This  softness  gauge  consists  of  a  three-onnce  cone-shaped  object  which : 
is  allowed  to  sink  into  the  bread.  A  scale  on  the  stem  registers  in  inilh^ 
meters  the  depth  to  which  it  sinks.  The  softness  gauge  makes  it  possible  | 
to  determine  exactly  how  soft  one  loaf  of  bread  is  in  relation  to  another. 

This  discussion  is  based  upon  the  results  obtained  from  the  test  slicei 
experiments  performed  in  the  authors’  shop  using  various  types  of  com¬ 
mercial  sheers,  and  actual  field  tests  conducted  at  bakeries  around  the. 
country.  The  authors  have  been  collecting  information  on  slicing  since. 
1928,  and  within  the  last  few  years,  experimentation  has  increased  to  lnee.^ 
the  new  problems  connected  with  slicing  the  new  “super-soft”  loaves. 
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The  secret  of  good  slicing  lies  in  the  cutting  band.  It  is  made  from  a 
inch  wide,  carbon-chrominm-vanadinm-steel  strip,  especially  selected 
Iir  its  strength.  These  strips  are  cut  into  lengths  with  tolerances  of  about 
thousandth  of  an  inch.  The  ends  of  the  strip  are  ground  to  form  an 
l^erlapping  joint,  which  is  then  silver-soldered  on  a  special  electronic 
•  duction  heating  unit.  This  heating  unit  allows  the  joint  to  be  formed 
ijthout  e.xceeding  the  critical  temperature  of  the  steel.  If  the  critical 
finperature  of  the  steel  is  exceeded,  the  strength  will  be  reduced,  invit- 
;g  breakage. 


Fig.  162.  Softness  Gauge  for  Bread 


lOn  these  Ixincls,  as  tliey  are  now  called,  are  ground  the  desired  tooth 
■nns  and  the  necessary  bevels.  The  hands  are  then  honed  to  razor  sharn- 
iss  and  packaged  to  he  sent  to  various  bakeries  around  the  world 
When  the  bands  are  received  at  the  bakeries,  they  are  mounted  on  2 

in  Fif  machine )  and  crossed 

_  ot  180  .  M.dway  between  the  two  drums,  is  a  point  at  whith 

S’  hands  are  perpendicular  to  the  axis  of  the  druml  Since  there 
.St  be  no  twisting  on  that  portion  of  the  band  which  is  doing  the  cuttinc 
ides  are  introduced  above  and  below  the  loaf  to  be  cut  ^ 
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Since  the  guides  are  exerting  a  force  on  the  bands,  the  guides  are  sub 
ject  to  constant  wear  and  must  have  extremely  liard  wearing  surface,^ 
However,  even  with  these  hard  surfaces,  the  friction  between  the  hand 
and  the  guides  will  eventually  cause  wear.  As  a  result,  shoulders  form  i 
the  guides  as  shown  in  Fig.  164.  This  situation  can  be  helped  by  usin, 
new  ‘/ic  in  bands  for  a  time,  and  then  using  reground  •'’/lo  inch  band 


BANDS  HAVE  90" 
TWIST  AT  CENTER 


V 


Fig.  163.  Typical  Arrangement  of  Drums,  Bands,  and 

CJuiDES  IN  Bread  Slicers 


for  the  rest  of  the  time.  This  helps  to  distrihute  the  wear  more  evem 
over  a  greater  area.  If  the  depth  of  the  slioulder  hecomes  greater  tna 
one-half  the  width  of  the  hand,  tlie  teeth  of  the  band  will  he  knocked  o. 
When  this  condition  develops,  the  guides  must  be  replaced 

To  keep  guide  wear  to  a  minimum,  these  si.\  rules  should  he  o  ov  ^ 
(1)  Distribute  wear  over  the  greatest  possible  area,  (i.)  ow  ‘ 
small  amount  of  play  between  the  back-up  roller  and  the  banc  ( i  i* 
roller  is  used).  (3)  Run  the  bands  with  the  least  possible  te  ■  ^ 

good  slicing.  (4)  Do  not  allow  crumbs  to  accumulate  m  the  g 
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Fig.  164.  Development  of  Shoulders  in 
Band  Guides 


Loiifi  continued  abrasion  by  the  blades  wears 
shoulders  in  the  hardened  steel  guides.  This 
condition  can  be  partially  alleviated  by  changing 
band  widths  from  Vie  inch  to  ®/ie  inch  after  wear 
has  occurred. 


alternate  scallops  a  flats 


TWO  BEVELED  SERRATION 


Fig.  165.  Types  of  Tooth  Forms 
Used  on  Bands 


STANDARD  SCALLOP 


ich  an  extent  tLu  the  band  cannot  move  freely,  without  undue  amount 

clearance.  (5)  Put  a  drop  or  two  of  divider  oil  on  the  guides  evert' 

tee  and  a  while.  (6)  Alternate  the  direction  in  which  the‘band  points 

le  pom  nig  in  successive  set  installations.  In  this  way  the  guides  will 

e  r  on  both  sides  alternately.  All  points  in  the  same  se'  must  of  course 
^  in  the  same  direction.  ^ 

There  are,  at  present,  three  basic  types  of  tooth  forms  being  used  The 
ree  types  are  illustrated  in  Fig.  16.5.  The  first  type  is  the  llternadjg 
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scallop-flat  type.  The  second  is  the  two  bevel  serration,  and  the  third  is  ; 
the  scallop  type.  The  most  common  type  is  the  scallop  type.  The  authors  i 
manufacture  only  the  scallop  type  because  they  believe  it  has  several  I 
distinct  advantages  over  the  other  two  types. 

It  was  stated  earlier  that  to  be  efficient,  a  band  must  cut  smoothly  with-  - 
out  crushing.  It  has  been  found  that  the  crushing  becomes  less  as  the  ^ 
penetration  becomes  better.  While  experimenting  with  this  type  of  hand,  , 
it  was  observed  that,  as  the  scallops  were  made  deeper,  the  penetration  be-  • 
came  better  and  the  crushing  decreased.  However,  there  was  more  tear-  • 
ing  and  a  rougher  slice  resulted.  Conversely,  as  the  scallops  were  made  • 
shallower,  less  penetration  and  more  crushing  was  obtained,  but  a  i 
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Fig.  167.  Ancles  Important  in  Slicer  Performance 


smoother  slice  resulted.  In  both  cases,  the  sharpness  of  the  cutting  edges  ■ 
had  to  be  equal.  From  these  observations  it  was  concluded  that  the  efh-- 
ciency  of  slicing  is  dependent  somewhat  upon  the  depth  of  the  scallop. 
It  was  also  found  that  the  depth  of  the  scallop  must  be  maintained  within 

fairly  close  limits.  i  •  .  nf 

The  relationship  described  above  can  be  best  explained  m  teims 

what  is  called  the  “shear  angle.”  The  shear  angle  is  fenned  hy  the  ang  e. 
formed  hy  a  line  drawn  tangent  to  the  scallop  and  a  line  ( lawn  across 
top  of  the  scallop.  The  shear  angle  is  illnstratcd  in  Fig.  166. 

Many  experiments  have  been  run  nsing  dilferent  shear  ang  es  am  ^  ^ 

results  showed  that  it  was  necessary  to  work  I  y  I 

It  has  been  proved  experimentally  that  the  npper  and  lower  Inmb 
be  between  30°  and  4.5°  for  efficient  slicing.  This,  of  conise,  i  . 
any  saw-tooth  type  of  hand  would  not  work  because  the  shear  angle 
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p-eater  than  90°.  \Mien  tlie  shear  angle  is  less  than  30  ,  crushing  will 
occur  sooner  than  with  a  greater  shear  angle.  \Mien  the  shear  angle  is 
greater  than  45°,  tearing  occurs,  resulting  in  a  rough  slice. 

Several  other  angles  are  also  important  to  slicing.  These  are  illustrated 
in  Fig.  167.  The  first  is  the  cutting  angle.  The  tangent  of  the  cutting 
angle  is  equal  to  the  depth  of  the  cut  divided  hy  the  distance  Fetween  each 
tooth  minus  the  distance  from  the  point  of  contact  with  the  bread.  The 
aller  the  cutting  angle  the  smoother  the  slice. 

Another  important  angle  is  the  resultant  angle.  The  tangent  of  the 
resultant  angle  is  equal  to  the  infeed  divided  by  the  band  speed  ( both  in 
feet  per  minute).  The  greater  the  resultant  angle  the  less  crushing  will 
occur.  The  effective  shear  angle  is  then  referred  to  as  the  shear  angle 

_ j  the  resultant  angle.  The  effective  shear  angle  must  be  great  enough 

to  accommodate  the  infeed  plus  the  compression  of  the  loaf  due  to  the 
dullness  of  the  edge,  or  crushing  will  again  result.  It  has  been  concluded 
diat  if  the  effective  shear  angle  is  made  smaller,  without  exceeding  the 
imits  previously  established,  a  smoother  slice  will  result. 

There  are  various  methods  used  in  grinding  the  scallops  or  serrations 
orming  the  cutting  edge.  The  scallops  are  produced  by  grinding  two 
levels  in  such  a  way  that  the  resulting  cutting  edge  is  exactly  in  t’le 
iniddle  of  the  steel.  These  two  bevels  are  the  “primary  bevels.” 

I  he  primary  bevel  is  usually  at  about  a  six-degree  angle  with  the  side 
)f  the  steel.  This  form  has  the  strongest  support  of  the  cutting  edge  and 
s  the  most  efficient  cutting  edge.  The  primary  bevel  will  retain  sharp- 
less  longer  than  either  a  3  or  4  beveled  edge.  The  main  disadvantage  of 
his  type  is  that  it  is  difficult  to  hone  since  much  steel  must  be  removed  to 
;harpen  the  cutting  edge.  It  is  commonly  used  for  slicing  relatively  firm 

oaves  of  bread.  It  makes  a  high  pitched  or  hissing  sound  as  it  passes 
hrough  the  guides. 

The  next  type  of  band  is  the  three  beveled  band.  This  type  of  band  has 
me  primary  bevel  and  two  secondary  bevels,  one  on  each  side.  The 
:econdary  bevels  are  usually  about  one  degree  with  the  side  of  the  steel. 
This  type  of  band  is  generally  used  where  a  special  type  of  honincr  is  em- 
^  oyec .  It  has  the  disadvantage  that  the  cutting  edge  is  at  an  angle  with 

Tlie  four-beveled  form  is  tile  type  which  is  becoming  more  and  more 
lopu lar  Math  tlie  bakers  who  are  slicing  soft  or  “super-soft”  loaves  This 
ype  has  two  secondary,  one  degree  bevels  in  addition  to  the  prini  irv 
leve  s.  The  tour  beveled  type  has  two  distinct  advantages  over  the  other 
wo  types.  The  mam  function  of  the  secondary  bevel^  is  to  reduce  the 
imount  of  steel  to  be  honed  off  in  order  to  sharpen  the  cnttins  edee  Also 
le  vibrations  and  hissing  sounds  caused  hy  the  two  beveled  band  ' 
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through  the  guides  are  eliminated.  A  disadvantage  is  the  loss  in  strength  . 
due  to  the  removal  of  some  of  the  steel  supporting  the  cutting  edge.  This  . 
type  of  band  is  not  recommended  for  the  firmer  loaves  because  it  some-  - 
times  has  a  tendency  to  weave  when  it  hits  the  crust,  resulting  in  uneven  i 
slicing. 

The  four  beveled  bands  are  excellent  for  slicing  the  softer  loaves. 

So  far,  only  the  tooth  forms  and  the  various  beveled  edges  have  been  i 
considered.  The  smoothness  of  the  cutting  edge  itself  has  not  been  con-  • 
sidered.  For  many  years  the  finished  cutting  edge  was  always  ground  at  ; 
a  90°  angle  with  respect  to  both  primary  and  secondary  bevels.  Cross-  - 
grinding  does  not  produce  the  smoothest  cutting  edge  because  the  minute  * 
grooves  or  ridges  that  are  left  by  the  grinding  wheel  cause  microscopic 
serrations  where  the  two  intersecting  bevels  form  the  cutting  edge. 
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Fio.  168.  Uei,.4tionshii>  ok  Cutting  Edge  Wuith  to  Xumbeb  of  Lo.^ves  Sliced 


W’lien  a  tool  grinder  wants  to  put  tlie  best  possible  edge  on  a  tool,  he 
grinds  and  bones  it  parallel  to  the  cutting  action.  Thus  when  ‘ 
possible  cutting  edge  is  desired  on  a  bread-slicing  band,  the  na  g 
ing  and  boning  should  be  done  parallel  to  the  cutting  action 

Experimentally,  it  has  been  found  that  the  parallel  ground  ^  ^ 
much  better  job  of  slicing  softer,  more  delicate  loaves, 
ground  band.  Efficient  cutting  is  not  done  by  burrs^  eng 

cutting  edge,  the  more  efficiently  it  will  do  its  ,o K 
extremely  soft,  delicate  loaves,  it  is  recommended  that  paralle  g 

bands  be  used. 
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Many  bakers  have  had  difficulty  slicing  raisin  bread,  honey  bread  and 
)ound  cakes  with  conventional  bread  slicing  hands.  We  have  found  that 
F  the  bands  are  coated  with  a  special  plastic  coating,  the  efficiency  in 
being  will  increase.  These  coatings  are  known  commercially  by  the 
lames  of  Teflon  and  Keflon.  These  coated  bands  have  the  ability  to 
lip  easily  through  the  more  sticky  bakery  products.  These  bands  are 
nitially  more  expensive  but  will  give  much  better  results. 

Probably  the  most  important  single  factor  determining  efficient  slicing 
s  the  cutting  edge  thickness.  When  bands  are  new,  for  all  practical  pur- 
)oses,  the  cutting  edge  may  be  considered  to  have  no  width.  By  flash 
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Fig.  169.  Dullness  Limit  Curve 


•lectroplating  various  thicknesses  of  chromium  on  the  cutting  bands,  it 

v^as  found  that  when  the  cutting  edge  was  0.000.3  inch,  the  band  was  too 

^ull  to  give  satisfactory  results.  Wear  causes  this  thickness  to  occur 

fter  about  .300,000  loaves  or  100  hours  of  slicing;  this  is  shown  in  Fig.  168 

Tis  thickness  is  less  than  one-tenth  that  of  a  human  hair.  So,  it  is 

ecessary  that  the  cutting  edge  be  kept  sharp  or  the  bands  must  be  re- 
ilaced. 

When  the  cutting  edge  thickness  reaches  0.0003  inch,  the  bread  is 

rushed  excessively  and  the  slice  is  rough.  Therefore,  this  is  the  lower 
'mit  of  dullness. 

It  will  be  observed  that  when  the  bands  are  sharp,  very  few  flakes 
snow  balls  are  pulled  out  of  the  loaf.  .Ls  the  bands  become 
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more  and  more  dull,  more  and  more  flakes  are  pulled  out.  These  flakes 
can  be  observed  on  top  of  the  loaf  after  slicing.  It  was  noticed  that 
after  honing,  these  flakes  would  disappear  and  then  slowly  re-appear  as 
more  loaves  were  sliced.  This  led  to  the  assumption  that  the  numher 
of  flakes  pulled  out  of  the  loaf  was  directly  proportional  to  the  sharpness 
of  the  cutting  edge. 

It  has  been  found  that  conscientious  bakers,  and  especially  those  who 
wrap  their  liread  in  cellophane,  feel  that  a  cutting  edge  of  0.00025  inch 
is  too  dull  to  meet  their  high  standards.  This  value  is  less  than  one-tenth 
of  the  thickness  that  requires  sharpening  or  new  bands. 

It  was  found  that  this  low  limit,  illustrated  in  Fig.  169,  was  reached 
after  about  3,000  loaves  or  after  about  one  hour  of  slicing.  Therefore,  it 
is  recommended  that  for  the  best  possible  slicing,  the  bands  should  be 
honed  everv  hour. 

Wdth  this  new  degree  of  sharpness  demanded  by  many  bakers,  a 
practical  method  of  honing  had  to  be  devised.  This  meant  that  the  bands 
must  be  honed  in  the  slicing  machine.  To  meet  this  demand,  three  basic 
types  of  hones  have  been  developed:  (1)  hand  hone,  (2)  power  hone,  , 
and  (3)  automatic  hone. 

Honing  is  a  science  in  itself  and  probably  one  of  the  biggest  mainte¬ 
nance  problems  to  the  modern  baker.  Of  the  three  types  of  hones  men¬ 
tioned,  the  hand  operated  hone  is  probably  the  simplest  type. 

There  are,  of  course,  many  hand-operated  hones  used  today.  One  -i 
method  being  used  at  the  present  time  employs  cup  wheels.  This  method  I 
of  honing  can  only  be  used  on  a  three  beveled  edge.  This  type  of  hone  *i 
is  simple  to  operate,  but  has  several  distinct  disadvantages.  Due  to  its  .1 
construction  it  cannot  possibly  get  down  into  the  serrations,  it  can  only 
hone  the  secondary  bevel.  Since  it  cannot  hone  down  into  the  scallops, 


the  tops  will  become  flat  and  the  band  will  lose  the  ability  to  penetrate.  . 
After  a  few  honings,  crushing  occurs  because  of  poor  penetration. 

Another  method  of  hand  operated  honing  consists  of  two  diamond  i 
hones  mounted  in  a  holder,  one  hone  for  each  side  of  the  cutting  edge. . 
A  spring  forces  the  hone  against  the  cutting  edge.  This  sharpens  the 
six-degree  primary  bevel,  which  is  the  proper  angle  to  sharpen.  This  tvi^e 
of  hone  does  get  down  into  the  scallop,  due  to  the  sideways  movement : 
and  small  radius,  thereby  honing  that  part  of  the  scallop  which  takes , 
the  “bite”  in  the  texture.  11iere  is,  however,  an  inherent  danger  in  tins  = 
type  of  honing.  The  hone  lias  a  tendency,  due  to  its  construction  to 
chip  small  pieces  of  steel  from  the  cutting  edge.  Some  of  these  chips . 
may  find  their  wav  into  the  loaves.  These  chips  also  reduce  the  e 
ciency  of  the  band.  Every  honing  does  not  cause  chips,  but  the  clang 
of  knocking  steel  out  of  the  cutting  edge  is  always  present. 
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The  third  method  of  liand-honiiig  is  done  with  a  small  diameter,  round 
tone,  about  ‘V/  s  or  ■  inch  in  diameter,  which  is  held  against  the  edges 
f  the  bands.  Because  of  its  light  weight,  it  does  a  fairly  good  job.  It 
/ill  get  down  into  the  scallops  and  can  be  used  with  eithci  2  oi  4 
leveled  edges.  However,  as  with  most  hand-operated  hones,  it  has  one 
istinct  disadvantage.  To  hone  correctly  the  bands  must  be  honed  at 
le  correct  angle.  This  is  hard  to  achieve  with  hand  honing.  In  Fig.  170 
:  an  illustration  of  the  problem.  If  the  hone  is  held  at  too  small  an 


I - FORWARD 

OUtCCTION 


Fig.  170. 


Correct  Honing  Angle 


ngle,  it  will  not  touch  the  cutting  edge.  If  the  hone  is  held  at  too  large 
n  angle,  the  band  will  tend  to  cut  the  stone,  thus  dulling  rather  than 
larpening  it.  If  the  hone  should  accidentally  hook  on  one  of  the 
jallops,  the  band  may  break,  endangering  the  operator. 

When  honing  by  this  method,  it  is  advisable  to  hold  the  hone  lightly 
gainst  the  band  at  the  bevel  angle  of  about  six  degrees.  The  hone  should 
ear  a  little  harder  against  the  actual  cutting  edge  than  the  lower  part  of 
le  bevel.  The  hone  should  be  held  lightly  enough  to  let  it  vibrate  as  it 
asses  over  the  scallops.  The  hone  should  be  rotated  slightly  as  it  is 

loyed  forward.  It  should  never  be  moved  backward  when  in  contact 
ith  the  cutting  edge. 


Tl,e  second  major  type  of  hone  is  tlie  power  hone,  by  whicli  is  meant  a 
one  having  an  abrasive  member  or  stone  driven  at  a  relatively  high  speed 
le  power  hone  is  much  less  time-consuming  than  the  previously  men- 
oner  hand-honing  methods.  However,  an  additional  hazard  ie.sults  with 
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the  use  of  a  power  hone.  Power  honing,  along  with  the  possibility  o: 
chipping  the  cutting  edge,  produces  emery  dust.  This  emery  dust,  wiiicH 
consists  of  very  hard,  sharp  particles,  will  embed  themselves  in  the  sides  oj 
the  bands.  As  the  hands  pass  through  the  guides,  this  embedded  emer- 
dust  will  lap  the  guides,  increasing  guide  wear. 

In  every  operation  such  as  hand  honing,  there  is  always  the  “humai 
element.”  There  is  always  a  chance  that  the  operator  may  forget  t  ' 
hone  or  neglect  to  hone  the  bands  until  they  have  become  too  dull  to  h*: 
restored  by  honing. 


AUTOMATIC  honing 


Frc.  171.  Arrangement  of  Hones  in  Automatic  Honing 


In  all  types  of  hand  honing,  there  is  always  the  possibility  of  a  ban»| 
breaking,  endangering  the  operator.  When  this  occurs,  no  one  can  pra 
diet  what  will  happen  to  the  operator  before  the  slicer  can  be  stopped 
The  third  major  type  of  hone  is  the  automatic  hone.  Automatic  honim 
has  advanced  with  the  other  phases  of  automation  in  today’s  inoden 
bakeries.  It  is  the  pinnacle  of  honing  quality  and  practicality. 

The  automatic  hone  is  the  height  of  honing  ease  and  safety.  It  lemovu 
the  human  element  from  honing,  increasing  quality  and  safety. 

The  automatic  hone  hones  by  the  natural  vibrations  of  the  band  itse 
thus,  the  hone  is  able  to  get  down  into  the  scallop  and  practica  y  re  c 

the  original  tooth  form. 
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The  hone  is  located  in  the  vicinity  of  the  upper  drum  as  shown  in 
Fip.  171.  About  bVo  inches  down  from  the  point  where  the  band  meets 
the  drum,  the  band  vibrates  with  sufficient  amplitude  so  that  if  a  stone 
is  placed  there,  the  vibration  of  the  band  will  be  such  that  it  follows  the 
stone.  This  allows  the  cutting  edge  to  be  honed  down  into  the  scallops. 
By  this  type  of  honing,  the  cutting  characteristics  that  have  been  built 
into  the  band  are  not  destroyed,  only  altered  a  very  minimum. 


Fig.  1^2.  Edge  of  Band  Honed  Continuously  for  Forty  Hours 

This  automatically  honed  liand  still  has  a  smooth  edge,  and  no 
steel  is  missing  from  the  cutting  surface. 


In  Fig,  172  is  an  automatically  honed  band  which  has  been  honed  con- 
tinuously  for  40  hours.  The  edge  is  still  smooth,  honing  has  been  done 

down  into  the  scallops,  and  there  is  no  evidence  of  any  steel  missing  from 
the  cutting  edge. 

The  hone  can  be  actuated  by  either  a  push  button  or  an  electric  timer 
thus  eliminating  the  chance  of  forgetting  to  hone.  An  electric  timer 
brings  the  hone  down  and  in  contact  with  the  bands.  The  hone  contacts 
all  the  bands  at  one  time  and  moves  slowly  back  and  forth  to  distribute 
the  wear  evenly  over  the  stone.  Since  this  tyire  of  honing  removes  only 
enough  steel  to  restore  the  cutting  edge,  honing  may  take  place  without 
the  fear  of  particles  finding  their  way  into  the  loaves.  Honing  with 
the  automatic  hone  is  done  for  about  one-half  minute,  every  hour 

be  ^iced  '"u  a"  '’^ead  should 

g  neral  rule,  it  can  be  stated  ‘the  cooler  the  better.” 
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Bread  should  not  be  sliced  at  a  temperature  greater  than  110°F.  under 
normal  slicing  conditions.  If  it  is  sliced  warmer  than  this  (at  least  in 
sheers  with  crossed  bands)  the  bread  may  be  crushed  and  the  slices  will  I 
be  rough.  As  the  bread  cools  below  1  lO'^F.,  the  bread  will  become  easier 
to  slice  until  it  reaches  about  room  temperature,  where  further  cooling 
has  little  effect. 

Band  tension  is  a  very  elusive  quantity.  Many  bakers  have  the  im¬ 
pression  that  uneven  slicing  can  be  corrected  by  increasing  the  tension, 
'rhis  is  not  the  case.  A  loaf  of  bread  is  so  soft  that  it  does  not  deflect  the 
band  to  any  appreciable  degree.  Uneven  slicing  is  caused  by  either  guide 
wear  or  play  developed  in  the  guide  supports. 

It  is  very  difficult  to  establish  the  exact  amount  of  tension  in  the  bands 
in  a  sheer.  It  is  impossible  for  the  sheer  manufacturer  to  produce  a 
drum  that  has  exactly  the  same  diameter  all  the  way  across.  It  is 
equally  impossible  for  the  band  manufacturer  to  make  every  band  of 
exactly  the  same  length. 

If  we  assume  that  the  drum  is  O.OOOl  inch  smaller  in  diameter  where '' 
one  band  runs  than  it  is  where  an  adjacent  band  is  running,  this  band 
has  to  advance  about  one  inch  farther  for  every  400  revolutions.  The 
band  traveling  the  greater  distance  will  increase  its  tension  (in  the  trailing 
course)  until  one  of  two  things  happen.  Either  the  band  breaks  or  it 
must  slip  on  the  drum,  equalizing  the  tension.  If  the  band  cannot  slip  i 
before  the  ultimate  strength  of  the  band  is  reached,  the  band  will  break. 

Guide  wear  is  also  increased  by  too  much  tension,  ^^ffien  the  tension  i 
is  lessened,  the  guide  wear  will  be  reduced  to  a  minimum. 

Several  gauges  are  available  to  measure  the  tension  in  the  band,  but 
they  measure  tension  only;  they  do  not  allow  for  torsion,  twisting,  rubbing, . 
and  traveling.  Although  the  steel  band  will  break  at  about  2,000  lbs. 
straight  tension  pull,  it  is  recommended  that  the  tension  not  exceed  80<! 
lbs.  When  the  tension  is  measured  both  courses  of  the  same  band  should  I 
be  tested,  often  they  will  be  different.  Neither  course  should  be  allowed  I 


to  exceed  the  maximum  80  lbs. 

Sheer  and  band  manufacturers  are  not  the  worst  offenders  in  respect  ■ 
to  variation  of  drum  and  band  diameters.  If  crumbs  are  permitted  to- 
accumulate  on  the  band  or  on  the  drum  in  such  a  way  that  they  can  get^ 
caught  between  the  band  and  the  drum,  increasing  the  diameter,  the* 
tension  will  be  increased.  To  prevent  this,  the  slicers  should  be  kept  as. 
immaculately  clean  on  the  inside  as  they  are  on  the  outside.  No  heels. 
should  be  on  the  top  of  the  lower  drum  after  cleaning  because  when, 
the  sheer  is  started,  they  will  ride  aronnd  the  dn.m  between  .t  and 
band.  If  this  happens  chances  are  that  the  band  w.ll  break  because  th^ 
steel  used  for  the  band  is  made  of  an  alloy  that  has  very  little  capacity  foni 
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elongation.  Crumbs  and  heels  should  be  kept  away  from  the  lower  drum 
to  prevent  breakage. 

Factors  contributing  to  tlie  variation  in  tension  are  as  follows:  (1) 
the  drums  are  not  exactly  the  same  diameter  from  end  to  end;  (2)  the 
drums  are  not  perfectly  round;  (3)  the  two  drums  are  not  exactly  parallel; 
(4)  the  bands  are  not  in  their  proper  slot  in  the  guides;  and  (5)  crumbs 
have  been  allowed  to  accumulate  on  the  drums. 

There  are  several  basic  requirements  that  must  be  met  in  order  to 
obtain  maximum  efficiency  from  a  slicing  machine.  The  right  bands  for 
the  right  tvqie  of  loaf  being  sliced  must  be  selected.  The  two  beveled 


Fig.  173.  Relationship  of  Bands 
AND  Bread  in  a  Two-Drum  Slicer 


edge  should  be  used  for  the  firmer  loaves  and  the  four  beveled  edge 
for  the  softer  loaves.  The  blades  should  be  honed  correctly  and  as  often 
as  necessary  to  maintain  maximum  smoothness  of  slioF-  TR^ 
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are  used  to  slice  a  given  loaf  and  that  each  band  is  0.015  in  thick,  then 
the  thickness  of  the  steel  forced  into  the  loaf  is  20  X  0.015  or  0.300  inch 
evervAvhere  except  at  the  cross  where  we  have  40  bands  or  40  X  0.015  i 
inch  or  0.600  inch  of  steel.  | 

Since  the  bands  are  running  in  opposite  directions  and  it  is  often  i 
assumed  that  this  equalizes  the  forces  within  the  loaf;  such  is  not  always  ^ 
the  case.  If  the  friction  of  one  band  going  into  the  cross  for  some  reason  | 
is  increased  over  the  adjacent  band  going  away  from  the  cross,  equilibn 
rium  has  been  destroyed  and  all  the  bands  going  into  the  cross  in  the  ; 
same  direction  will  cause  the  loaf  to  collapse.  Sometimes  the  loaf  isi 
collapsed  against  the  upper  plate  and  sometimes  against  the  lower  plate, , 
depending  upon  which  direction  got  the  upper  hand.  Collapsing  is  also  i 
apt  to  happen  with  Pullman  loaves. 

The  theory  has  been  developed  that  forces  of  slicing  should  be  equal-n 
ized  within  the  loaf  being  sliced  and  not  transmitted  to  supports  and  I 
hold  down  plates. 

To  prove  this  theory,  many  tests  have  been  conducted  on  multiple 
drum  sheers  with  bands  practically  parallel  in  the  cutting  zone.  Ex¬ 
tremely  soft  bread  has  been  sliced  at  150°F.  300  loaves  per  minute 
(4-inch  loaves),  band  speed  of  1200  feet  per  minute,  four  beveled  cuttingj 
edge,  with  no  crushing  and  with  extremely  smooth  slices.  When  the 
infeed  was  slowed  down  to  less  than  100  loaves  per  minute,  excessive 
roughness  of  slice  occurred.  Since  a  noncrushing,  smooth  slice  was;' 
obtained,  we  assume  that  the  theory  is  correct. 

The  success  of  this  fast  slicing  must,  no  doubt,  in  some  measure  be 
attributed  to  the  resistance  to  motion  of  the  bread  crumb  itself.  The  time 
element  of  slicing  is  so  short  that  the  texture  does  not  have  time  to  move.. 
It  is  on  the  same  order  as  pulling  a  table  cloth  from  under  dishes  ancll 
having  them  remain  on  the  table. 

Judging  by  still  incomplete  tests  up  to  this  time,  it  appears  as  if  the 
effective  shear  angle  and  tooth  form  has  less  effect  than  in  conventionaB 
slicing.  Also  sharpness  of  the  cutting  edge  is  perhaps  of  greater  im¬ 
portance. 

Much  experimenting  and  research  must  be  done  before  slicing  att 
these  speeds  and  temperatures  can  be  carried  out  in  practice.  However,: 
the  slicing,  itself,  looks  very  promising,  in  fact,  it  has  been  proven  almosti 

beyond  doubt. 

SLICING  PRACTICE^ 

The  preceding  section  written  by  Messrs.  David  Diehl  and  John 
Hansen,  dealt  with  the  theory  of  sheer  band  engineering.  The  prcsenti 

=  This  section  was  contributed  by  Samuel  A.  Matz. 
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t  iG.  1(4.  Placing  a  Blade  into  the  Frame  of  a  Reciprocat¬ 
ing  Slicer 


discussion  Mill  be  concerned  Nvith  slicing  practice  and  with  some  of  the 
machines  a\Tiilable  to  the  industry. 

Sheers  for  bakery  products  can  be  classified  into  three  categories  based 

hr7l  7  meclianism  employed:  (1)  slicers  using  circu- 

.  blades;  (-)  slicers  using  straight  blades;  and  (3)  slicers  using  con¬ 
tinuous  band  blades.  The  first  type  is  used  only  on  roUs  bunf  -md 
sim.  ar  pieces.  Today,  most  white  pan  bread  is  sliced  on  mafc  using 
endless  blades  but  a  considerable  number  of  reciprocating  slic^  (us!ng 
.  aight  blades)  are  in  use,  particularly  for  specialty  breads 

"r,„  r;  ■'  ir,  'rr  -'‘r  “  ■ 

U>  .«  yeais.  1  he  first  production  scale  .slicers 
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were  based  upon  the  reciprocal  principle  and  would  slice  about  20  to  25 
loaves  of  bread  per  minute.  After  the  bread  was  sliced,  it  had  to  be 
placed  in  a  cardboard  tray  or  bound  with  a  paper  circlet  to  keep  it  intact 
through  the  wrapping  cycle.  After  the  first  models  had  been  in  operation 
for  about  two  years,  the  manufacturers  of  wrapping  machines  made 
improvements  in  their  devices  which  made  it  possible  to  wrap  sliced 
loaves  not  held  together  by  trays  or  bands. 


Fig.  175.  Insehting  the  Blade  Frame  into  a  Reciprocat¬ 
ing  Slicer 


The  initial  improvements  in  slicers  were  designed  to  increase  the  speec  ^ 
of  output  so  that  one  slicer  could  be  used  per  wrapping  machine.  le 
latter  devices  commonly  handled  40  to  50  loaves  per  minute.  j 

About  eight  years  after  reciprocal  slicers  were  introduced,  Hartman 
develop<Kl  and  put  on  the  market  a  slicer  using  contmnous  ^ 

type  of  machine  became  popular  very  quickly  and  now  .s  r.sed  almost 

exclusively  for  rapid  slicing  of  white  pan  bread. 
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Reciprocal  Slicing  Machines 


When  band  machines  are  used  for  slicing  raisin  bread,  the  sticky  suli- 
stances  from  the  interior  of  the  fruit  are  collected  by  the  blades  and 
deposited  on  the  drums.  Eventually,  the  deposit  reaches  such  an  ex¬ 
tent  that  operation  of  the  machine  is  interfered  with  and  the  bands  may 
even  be  broken.  Therefore,  reciprocating  machines  are  indispensable 
for  slicing  raisin  breads  or  any  product  with  a  soft  and  sticky  crumb. 
They  are  also  much  used  for  slicing  hard-crust  breads  such  as  French  or 
Italian,  iced  loaves,  and  heavy  rye  and  health  breads  (Willson  1948). 
On  the  whole,  machines  of  the  reciprocating  type  can  be  said  to  be  more 
versatile  but  less  efficient  than  band  slicers.  As  mentioned  by  Diehl 
and  Hansen,  it  may  be  possible  to  overcome  some  of  the  crumb  pick-up 
of  continuous  blades  by  coating  them  with  Teflon  and  Keflon. 

Fig.  174  illustrates  the  method  of  inserting  blades  in  the  frame  of  a 
reciprocating  sheer.  Each  of  the  blades  is  held  taut  by  the  force  exerted 
by  a  heavy  spring.  When  inserting  a  blade,  its  spring  is  depressed  by 
a  special  tool,  allowing  the  blade  pin  to  be  slipped  into  the  appropriate 
retaining  notch. 

Fig.  175  shows  the  procedure  employed  in  fitting  a  blade  frame  into 
the  machine.  The  frame  shown  here  is  made  of  cast  magnesium  per¬ 
mitting  achievement  of  satisfactory  strength  with  a  weight  of  about 


Iffl/i’  pounds.  Frames  are  available  for  slice  thicknesses  of  •^/s,  V"*, 

or  ”/ i,j  inch.  The  time  required  to  replace  a  frame  is  said  to  be  on  the 
order  of  5  to  8  minutes. 

In  Fig.  176  is  illustrated  the  slicing  zone  and  compressor  of  a  typical 
leciprocating  slicer.  In  this  model,  the  knife  frames  are  tilted  20° 
toward  the  top  crust  of  the  loaf  to  provide  angle  cutting  and  to  accom¬ 
modate  the  natural  flow  of  bread  through  the  knives.  Other  manufac¬ 
turers  arrange  the  knife  frames  perpendicular  to  the  floor  but  have  the 

entrance  conveyor  slanted  so  that  the  top  crust  of  the  loaves  encounters 
the  knives  first. 

The  up-and-down  motion  of  the  blades  in  this  type  of  machine  is  trans¬ 
mitted  from  the  motor  to  the  hlade  frame  hy  a  chankshaft  and  levers 
The  vibration  created  by  this  motion  has  been  one  of  the  main  objections 
to  the  use  of  reciprocating  slicers.  However,  machines  of  modern  design 
are  constructed  so  as  to  minimize  the  noise  and  vibration,  and  these  fac- 

m  ich  !ms  "l-iections  to  the  use  of  these 


A  disadvantage  encountered  in  using  reciprocal  slicers  for  soft  white 
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Courtesy  of  Bottle  Creek  Bread  Wrapping  Machine  Co. 

I'  lc;.  176.  'I'he  Cutting  Zone  oe  a  Reciprocating  Slicer 


A  Model  5-C  cake  slicing  machine  is  illustrated. 

intendeiit  anti  may  even  be  so  to  the  consumer.  The  efiect  is  much  It'ss 
noticeable  on  denser  varieties  such  as  rye  and  health  breads. 

According  to  Hartman  (1948)  knives  in  reciprocating  slicers  attain 
a  maximum  lineal  travel  of  350  feet  per  minute  and  will  slice  from  10,000 
to  20,000  loaves  of  bread  without  resharpening.  This  is  much  less  than 
the  service  obtained  with  continuous  bands,  of  course. 


Band  Slicers 


Slicing  machines  using  continuous  blades  are  the  preferred  type  for 
slicing  uniform  loaves  of  white  bread  at  high  rates  of  speed.  They  are 
also  usable  for  many  other  types  of  bakery  foods,  but  as  the  products 
begin  to  assume  irregular  shapes  or  to  have  sticky  or  heavy  crumb  then- 
utility  decreases.  Some  of  the  advantages  of  the  band-type  sheers  are: 
(1)  no  vibration,  (2)  greater  cutting  speed,  (3)  less  frequent  need  foi 
blade  sharpening,  and  (5)  continuously  variable  slice  thickness,  within 


^'"rhe  principle  of  the  endless  blade  slicer  requires  that  the  bands  be 

placed  around  steel  cylinders  and  crossed  in  the  center 
a  figure  eight  as  viewed  from  the  side  of  the  machine.  The  bread  cm  - 
Lt  area  if  at  the  point  where  the  blades  cross.  Since  the  blades  must 
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Courtesy  of  Battle  Creek  Bread  Wrapping  Machine  Co. 


Fig.  177.  Continuous  Flow  Bread  Slicer  Showing  Discharge 
li  Transfer,  Knife  Frames,  and  Adjusting  Band  Wheels 

} 

\  pass  over  the  drums  in  a  flat  position  and  yet  must  present  their  serrated 

^  edges  to  the  bread,  it  is  necessary  to  turn  them  through  a  90°  angle 

f  between  the  time  they  leave  the  drum  surface  and  the  time  they  meet 

1  the  bread.  This  turning  function  is  performed  by  hardened  steel  guides 

?  located  above  and  below  the  line  of  travel  of  the  bread.  These  three  types 

I  of  elements— (1)  two  drums,  (2)  a  required  number  of  blades,  and  (3) 

'  per  blade— are  the  essentials  found  in  every  type  of  continuous 

f  blade  slicer. 


According  to  Hartman  (1948),  tlie  first  Iiand  slicer  had  close  drum 
centers  and  an  overall  height  of  about  six  feet.  After  these  machines  had 
been  ,n  operation  for  some  time,  it  was  found  that  the  drums  were  too 
close  together  causing  a  too  abrupt  hvist  in  the  blades  as  they  were 
turned  through  a  total  of  180“  between  the  upper  and  the  lower  drums 
and  Cl  eating  too  much  pressure  on  the  knife  guides.  As  a  result  the 
guides  and  bands  overheated  and  suffered  excessive  wear  and  breakage 

th'f ""  ‘■““'ted  in  the  conclusion 
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Courtesy  of  American  Machine  and  Foundry  Co. 

Fig.  178.  Arrangement  of  Drums  anu  Blades  in  a  Slicer 

Having  Offset  Drums 


Courtesy  of  American  Machine  and  Foundry  Co. 

Fig.  179.  A  Continuous  Blade  Slicer  Using  Offset  Drums 


labor  costs  and  material.  In  addition,  the  blades  are  more  nearly  parallel 
at  the  position  where  they  cross,  creating  better  eutting  conditions.  The 
disadvantage  of  the  arrangement  is  that  the  machine  becomes  quite  tall. 
However,  unless  an  unusually  restrictive  head  space  situation  exists,  a 
height  of  eight  feet  or  so  should  not  create  any  major  problem.  The  Hoor 
space  is  not  increased  appreciably  and  this  is  usually  the  critical  factor. 
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Courtesy  of  Maine  Machine  Works 


Fig.  180.  A  Slicer-Wrapper  for  Round  Loaves  Illustrating 
A  Nearly  Vertical  Alignment  of  Drum  Centers 


Some  manufacturers  have  decreased  slicer  height  while  maintaining 
band  length  by  placing  the  blades  at  an  angle  to  the  floor.  An  arrange¬ 
ment  of  this  type  is  diagrammed  in  Fig.  178.  A  photo  of  a  commercial 
device  using  offset  drums  is  shown  in  Fig.  179,  while  a  machine  using 
almost  vertically  aligned  cylinders  is  illustrated  in  Fig.  180.  The  chief 
operational  difference  between  the  two  arrangements  is  that  the  vertical 
alignment  permits  an  almost  perpendicular  approach  of  the  blades  to 
the  loaf,  resulting  in  the  exerting  of  a  constant  force  on  the  bread  at  all 
hmes.  ^Vith  the  offset  drums,  the  blades  contact  a  corner  of  the  bread 
hrst  and  the  force  on  the  loaf  continually  increases  until  the  blade  cross¬ 
over  point  reaches  the  center  of  the  loaf.  In  most  practical  situations 
It  IS  debatable  whether  any  difference  between  the  two  treatments  could 
be  detected.  Machines  designed  Yvith  the  offset  drums  may  have  the 
product  approach  ane  changed  from  the  horizontal  to  an  angle  as  the 
slicing  zone  is  reached  so  that  the  blades  are  almost  perpendiciLr  to  the 

l.ne  o  travel  of  the  product,  even  tlrough  they  nray  L  !tt  a  ioti  lera  L 
angle  to  a  perpendicular  to  the  floor.  ^ 
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The  knife  speed  in  modern  slicers  is  from  900  to  1,200  feet  per  minute. 
Hartman  (1948)  states  that  blades  are  capable  of  slicing  500,000  to 
2,000,000  loaves  of  bread  between  resharpening  periods.  In  most 
machines,  thickness  may  be  adjusted,  e.g.  within  the  range  of  Vs  to  '^/s 
inches,  by  a  simple  hand  wheel  control  which  moves  the  blade  guides 
farther  apart  or  closer  together. 

The  subject  of  blade  sharpening  has  been  well  covered  by  Diehl  and 
Hansen  and  will  not  be  further  discussed  in  this  section  except  to  men¬ 
tion  that  there  exists  a  certain  amount  of  disagreement  among  blade 
manufacturers  regarding  (1)  the  desirability  of  honing  blades  on  the 
machine  while  slicing  is  being  performed,  and  (2)  the  cutting  surface 
involved  in  the  slicing  operation.  In  contrast  to  Diehl  and  Hansen, 
Simmons  (1959)  feels  that  the  danger  of  bread  contamination  by  metal 
particles  and  dirt  is  a  sufficient  reason  for  avoiding  automatic  honing. 
Simmons  also  states  that  cutting  is  a  result  of  the  action  of  the  burr  on 
the  cutting  surface  and  that  efficient  slicing  cannot  occur  in  the  absence  of 
this  structure. 

Circular  Blade  Slicers 

Machines  of  this  type  are  used  for  slicing  small  pieces  (or  clusters) 
such  as  hamburger  buns  or  frankfurter  rolls.  They  generally  consist  of 
two  serrated-edge  blades  placed  on  a  level  and  horizontal  to  the  floor. 
They  are  separated  by  a  short,  and  usually  variable,  distance  so  that  a 
“hinge”  can  be  left  in  the  roll  or  cluster. 
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CHAPTER  22 


Floyd  P.  Graw 
and  Samuel  A.  Matz 


Wrapping  Machines  and  Materials 


PACKAGING  MATERIALS 

Tlie  packaging  films  most  often  used  for  bakery  products  are  waxed 
paper,  foil,  Cellophane,  glassine,  and  polyethylene.  Not  so  many  years 
ago  waxed  paper  was  praetically  the  only  film  used  for  bread  packaging. 
It  is  still  very  much  in  evidence,  but  first  Cellophane  and  then  poly¬ 
ethylene  took  over  some  of  the  market.  Eaeh  of  these  films  has  some  de¬ 
sirable  features  and  some  disadvantages. 

The  requirements  for  an  ideal  paekaging  material  for  bakery  products 
might  be  summarized  as  follows: 

( 1 )  It  must  proteet  the  product  from  drying  out  during  its  normal 
storage  life  as  a  result  of  the  loss  of  too  much  water  vapor,  and,  con¬ 
versely,  must  protect  the  product  from  gaining  large  amounts  of  moisture 
when  the  atmospheric  conditions  are  unusually  humid.  The  latter  condi¬ 
tions  are  seldom  observed  in  most  parts  of  this  country  since  the  crumb 
of  the  usual  commercial  loaf  does  not  attain  equilibrium  with  the  atmos¬ 
phere  until  a  relative  humidity  of  well  above  80  per  cent  is  reached  (at 
normal  temperatures).  If  the  film  protects  adequately  against  moisture 
vapor  transmission,  it  can  also  be  expeeted  to  protect  the  product  well 
from  adventitious  dirt,  dust,  and  other  foreign  particles  and  it  will  give 
some  protection  against  mold  spores,  off-odors,  etc. 

(2)  The  package  must  contribute  to  the  dimensional  stability  of  the 
pioduct.  Since  most  bakery  products  are  very  susceptible  to  crushing, 
stiuctural  strength  must  be  added  by  the  wrapper  if  the  produet  is  to 

sur\ive  handling  during  storage,  transport,  and  merchandising  without 
distortion. 

(3)  The  film  must  be  capable  of  being  easily  and  quickly  applied  by 
mechanical  means,  and  preferably  by  existing  machines.  A  fundamental 
requirement  is  that  the  material  heat-seal  readily.  It  must  be  susceptible 
to  rapid  manipulation  by  the  wrapping  device  without  cracking,  tearing, 
or  suffering  permanent  deformation. 

(4)  The  package  must  assist  in  selling  the  product.  For  bread  this 
usually  means  that  the  product  must  be  capable  of  being  squeezed  so  that 
the  customer  can  assure  himself  of  its  softness.  In  cases  where  visibility 
of  the  product  is  important  (and  this  is  usually  found  to  be  true),  trails'- 


Fi.oyd  P.  Gkaw  is  associated  with  Milprint,  Inc. 


587 


588 


BAKERY  TECHNOLOGY  AND  ENGINEERING 


parent  films  are  imperative.  Adapt 
instances. 

(5)  The  film  must  be  relatively  low  in  price.  It  must  have  a  low  base 
cost  and  the  supplier’s  factory  or  warehouse  must  be  located  so  as  to 
make  transportation  costs  relatively  low;  it  must  be  capable  of  being 
stored  without  loss  and  used  without  waste. 


Courtesy  of  Oliver  Machinery  Co. 

Fig.  181.  Oliver  #790  Standard  Wrapping  Machine 


ability  to  printing  is  necessary  in  most 


Few,  if  any,  films  possess  all  of  these  qualities  in  the  desired  degree. 
Shortcomings  of  one  film  may  be  compensated  for  by  using  combinations 
of  materials.  Thus,  the  lack  of  strength  and  rigidity  in  some  transparent 
films  can  be  overcome,  at  least  partially,  by  using  bands  or  trays  of 
tougher  materials.  Laminations,  particularly  of  aluminum  foil,  aie 
another  wav  of  taking  adv'antage  of  the  best  qualities  of  se\'eial  materials 
in  one  film. 

Greaseproof  Paper  and  Glassine 

These  papers  are  not  often  employed  for  bread  packaging  although  a 
few  bakers  use  bags  made  of  them  for  enclosing  French  bread  and  the 
like.  Cookies,  crackers,  pastries,  and  brown  ’n  serve  rolls  are  frequently 
packaged  in  greaseproof  paper  or  glassine.  Greaseproof  paper  is  formed 
from  cellulose  fibers  which  have  been  digested  for  a  relatively  long  time 
during  the  pulping  process  and  consequently  have  a  high  moisture 
content.  Glassine  is  prepared  from  greaseproof  paper  by  a  procedure 
which  includes  a  supercalendering  step.  The  application  of  heat  and 
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pressure  in  this  step  makes  the  fiber  mat  denser  and  more  or  less  trans¬ 
parent.  Greaseproof  paper  is  similar  in  appearance  to  parchment,  being 
opaque  or  translucent.  The  so-called  manila  glassines  range  from  a  deep 
to  a  very  light  amber  in  color,  while  bleached  glassine  is  virtually  colorless. 

Neither  glassine  nor  greaseproof  paper  offer  much  resistance  to  the 
transmission  of  water  vapor.  Of  course,  coatings  to  improve  this  charac¬ 
teristic  can  be  applied.  As  indicated  by  the  name  of  the  basic  product, 
the  papers  are  quite  resistant  to  the  absorption  and  transfer  of  fatty 
materials.  This  property  is  attributable  to  the  high  degree  of  hydration 
of  the  cellulose  fibers.  Protection  against  the  transmission  of  off-odors  and 
off-flavors  is  said  to  be  very  good. 


Courtesy  of  Haysscn  Manufacturing  Co. 

Fig.  182.  Combination  Slicing  and  Wrapping  Machine 


Greaseproof  paper  and  glassine  are  not  heat-sealable.  Coatings  of 
wax  or  lacquer  can  be  applied  to  remedy  this  defect.  The  papers  can  be 
printed  by  the  usual  methods,  except  when  coated.  The  basic  papers  are 
obtainable  in  a  weight  range  of  20-  to  45-  (laminated)  lbs.  per  ream  as 
continuous  lolls  or  sheets.  The  45-lb.  laminated  sheet  is  more  commonly 
used  in  the  snack  food  industry  than  in  the  baking  trade. 


White  Bakery  Stock  Paper 

Bleached  sulphite  paper  (usually  28  lb.  basis)  is  used  for  bakery  bags 
tor  both  retail  and  wholesale  operations,  principally  to  package  crisp 
crusted  breads  such  as  French  or  Italian.  In  the  wholesale  trade  an 
untreated  paper  is  used  for  gluing  into  bag  form  on  bag  making  machines. 

his  paper  has  no  heat  sealing  properties.  In  retail  operation  the  material 
IS  treated  with  hot  melt  wax  to  retain  freshness  of  product.  This  treat¬ 
ment  is  done  on  one  side  only  and  penetrates  the  rather  porous  paper 
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Bleached  sulphite  paper  can  not  be  printed  in  bright  and  vivid  colors  due 
to  the  porosity.  The  chief  advantages  of  bags  made  from  this  type  of 
material  are  the  rather  low  cost,  the  high  breathing  value,  and  its  wide 
and  traditional  acceptance  for  certain  types  of  breads  when  unwaxed, 

and  its  low  cost,  whiteness,  and  good  quality  retention  characteristics 
when  waxed. 

Transparent  Cellulose  Films 

\\  hen  Cellophane  was  first  offered  to  the  baker,  he  found  only  a  very 
few  types  available.  Today  he  has  many  varieties  of  this  type  of  film 
with  a  wide  range  of  properties  from  which  to  choose.  Table  79  gives  the 
characteristics  of  some  commercially  available  films  and  the  trade 
designations  used  by  the  different  manufacturers. 


Table  79 


COMPARABLE  SYMBOLS 

FOR  COMMONLY  USED  TRANSPARENT 

CELLULOSE  FILMS' 

Source  “A” 

Source  “B” 

Source  “C” 

PT 

P-1 

None 

LST 

ns 

None 

MST-51 

MS-1 

MST-51 

MST-52 

MS-2 

MST-52 

MST-53 

MS-3 

MST-53 

MST-54 

MS-4 

MST-54 

MSC-51  TANGO 

CMS-I  TANGO 

None 

MSG  TANGO 

CMS 

None 

MSAT-82,  -86 

MSB-6 

None 

MSAT-83,  -87 

NfSB-7 

None 

450-K-202 

None 

None 

Meaning  of  Symbols: 

“S”  denotes  heat  sealable  coatings 

“P”  denotes  plain  film,  no  coating,  not  heat  sealable 

“M”  denotes  moisture-proof  qualities 

“T”  denotes  transparent  (clear) 

“C”  denotes  color,  can  be  tango,  red,  amber,  etc. 

“A”  means  anchored  coatings  used  for  frozen  baked  foods 
“K.”  denotes  vinylidene  chloride  coatings  on  cellophane 

‘  Graw  (1956). 


The  so-called  FT  films  (plain  transparent)  were  never  of  value  to  the 
baking  industry  because  they  would  not  heat  seal  and  retained  moisture 
vapor  very  poorly,  contributing  to  rapid  staling  of  the  product.  Coated 
films  of  certain  types  overcome  these  disadvantages  and  have  been 
widely  used  for  bakery  food  packaging.  Coated  films  with  yields  of 
19,500  to  21,500  sq.  in.  per  lb.  in  300  gauge  thickness  and  of  14,500  sq.  m. 
per  lb.  in  450  gauge  thickness  have  been  especially  useful.  Recently 
vinylidene  coatings  have  been  used,  and  they  have  generally  pi oved  to 
be  of  excellent  value  in  that  they  increase  the  shelf  life  of  bakery  prod- 
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nets  by  decreasing  moisture  loss.  Originally  this  film  was  available  only  in 
a  450  gauge  weight  due  to  the  coating  process  but  it  is  now  obtainable  in 
a  300  gauge  weight  free  of  fish  eyes  or  non-uniformities  of  coating. 

Cellulose  film  has  a  grain  direction  resulting  from  the  manufacturing 
process.  It  is  weak  across  the  grain  and  relatively  strong  in  the  other 
direction.  In  use  it  is  run  through  the  wrapping  machines  so  that  mini¬ 
mum  stress  is  placed  in  the  cross  grain  direction.  This  procedure  pro¬ 
vides  a  strong  package.  Weakness  may  result  from  loss  of  moisture  vapor 
or  pick  up  of  moisture  vapor  by  the  film  with  resultant  shrinkage  of  the 
product  and  stretching  of  the  film.  On  lengthy  unsupported  products 
such  as  12-,  13-,  or  14-inch  loaves  of  bread,  the  foregoing  characteristics 
can  cause  trouble  in  the  form  of  tearing  or  bursting.  In  carton  overwraps 
or  in  bags  few  difficulties  are  observed  from  this  source. 

During  very  low  humidity  periods  the  film  can  lose  part  of  the  5.7  to 
6.0  per  cent  moisture  content  it  needs  to  keep  it  reasonably  limp  and 
pliable.  If  this  situation  is  coupled  with  a  wrapping  machine  that  has 
dull  cut-off  blades,  fracturing  of  the  film  may  become  excessive. 

Cellulose  films  accept  printing  inks  readily  and  have  an  unexcelled 
transparency  which  adds  to  the  attractiveness  of  the  package  contents. 
They  are  inexpensive  and  available  in  forms  suitable  for  use  in  all  types 
of  package  machinery.  They  will  seal  at  a  fairly  wide  range  of  tempera¬ 
tures,  producing  a  continuous  and  indestructible  seal. 


Table  80 

APPROXIMATE  YIELD  AND  THICKNESS  FACTORS  FOR  CELLULOSE  FILMS' 


Gauge 


Square  Inches 

per  Pound 


Thickness, 


In. 


No.  300 
No.  450 
No.  600 


Plain  Types 
21,500 
15,000 
12,400 


0.0009 

0.0013 

0.0016 


No.  300 
No.  450 
No.  600 


Moistureproof  Types 
19,500 
14,000 
11,600 


0.0010 

0.0014 

0.0017 


>  Graw  (1956). 


Polyethylene  Film 


592 


BAKERY  TECHNOLOGY  AND  ENGINEERING 


color  and  resulted  in  poor  visibility  of  products  packaged  in  it.  Today 
there  are  available  films  which  are  transparent  and  have  a  soft,  very 
flexible  texture  that  adds  much  appeal  to  the  contents. 

Polyethylene  can  be  classified  as  either  low,  intermediate,  or  high 
density.  In  addition,  there  are  linear  types  which  have  somewhat  differ¬ 
ent  qualities  from  the  standard  process  material.  The  most  common  films 
for  bakery  use  are  three-quarter  or  one  mil  thick  high-density  poly¬ 
ethylene  for  wholesale  bread  and  one  and  one-fourth  mil  for  home  service 
sales  (Berkin  1959). 


1.  Bread  moves  into 
poly  web,  where 
self-measuring  paper 
feed  cuts  off  only 
amount  needed. 


2.  Loaf  is  pushed  up, 
wrapper  passed 
completely  around  it 
and  tightened  until 
only  edge  trails. 


> 


3.  As  loaf  moves  into 
folding  line,  edge  is 
folded  under,  pulled  and 
held  tight  by  forward 
motion.  Bar-sealer 
secures  the  film  to  insure 
good  folding  and  prevent 
"drag  back”. 


Courtesy  of  Package  Machiuery  Co. 


Fig.  183.  Sequence  of  Wrapping  Operations 


The  moisture  vapor  transmission  rate  of  polyethylene  films  is  low,  but 
the  resistance  to  grease  penetration  is  rather  low.  The  untreated  film 
reacts  very  poorly  to  ordinary  printing  techniques,  but  surface  treatments 
to  modify  this  defect  are  now  being  used.  The  lack  of  rigidity  in  the  film 
creates  some  difficulties  in  feeding  and  handling  in  the  xvrapper,  but  these 


are  not  insuperable.  . 

Heat-sealing  of  polyethylene  is  complicated  by  the  narrow  range  o 

temperatures  which  give  satisfactory  results.  This  range  is  approxi¬ 
mately  25  degrees  over  or  under  the  correct  temperature  as  compared  to 
a  100  degree  range  for  waxed  paper  and  Cellophane.  Be  ow  tie  owei 
limit  a  false  seal  is  formed  which  will  open  under  the  slightest  tension  am 
in  some  cases  no  seal  at  all  will  be  formed.  Above  the^upper  limit  ol 
the  sealing  temperature  range,  actual  melting  ol  the  film  may  occui 
with  the  formation  of  pinholes,  puckering,  or  actual  j 

Only  within  the  last  3  or  4  years  have  there  become  available  wrapping 
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machines  for  handling  roll  stock  polyetliylcne.  Ihe  problem  delaying 
the  use  of  roll  stock  was  the  need  for  development  of  heat-sealing  units 
which  would  not  stick  to  the  film.  One  method  for  solving  the  problem  for 
standard  machines  has  been  the  use  of  polyethylene  films  with  waxed 
paper  margins.  The  actual  seal  is  formed  on  the  w'axed  paper.  Seals  can 
also  be  made  through  paper  end  labels. 

Saran  and  polypropylene  are  other  plastics  which  have  been  used  in 
very  minor  amounts  for  baked  foods  packaging. 


^■i£-cr/iOA//c  ///o/c/jr/A/c  coA/r/?oiis/? 


^orroAf  c/V/r  , 


Courtesy  of  Package  Machinery  Co. 
Fig.  .184.  Relative  Positions  of  the  Functional  Elements  of  a  Bread 

W  rapping  Machine 


Foil  Laminations 

Laminated  foils  are  not  much  used  for  Irread  wrapping  except  for 
me  of  the  higher  priced  specialty  loaves,  but  thev  have  found  a  place 
as  wrappers  for  other  bakery  products  and  may  in  time  take  over  some 
of  the  market  now  held  by  waxed  paper.  Cellophane,  and  polyethvlene 
A  suitable  foil  lamination  is  virtually  impervious  to  moisture  vapo'r  and 
g  ease  and  can  be  quite  attractive,  though  of  course  not  transparent 
nsupported  aluminum  foil  puckers  and  tears  easily,  and  for  this  reason 
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wax.  Some  users  found  that  excess  wax  melted  from  the  foil  side  and 
aecumulated  on  the  wrappinj^  machine,  nece\ssitatinp:  frequent  downtimi' 
for  cleaning.  Subsequently,  a  lamination  of  foil-wax-sulfite  paper-wax- 
strikethrough  tissue  paper  was  offered.  The  tissue,  being  porous,  allowed 
the  hot  wax  to  flow  through  it  to  make  the  seal.  At  the  same  time,  the 
flow  of  wax  was  retarded  sufficiently  to  prexent  accumulation  of  the 
substance  on  the  machine.  A  different  approach  to  the  problem  resulted 
in  the  development  of  a  film  consisting  of  heat  sealing  transparent  lacquer- 
foil-adhesiv^e-sulfite  paper-wax-tissue.  This  tissue  was  a  resin  impreg¬ 
nated  paper.  A  line  of  pinhole  perforations  about  one  inch  in  width  on 
each  side  of  the  web  allowed  sufficient  wax  to  flow  out  on  to  the  ad¬ 
jacent  surfaces  to  accomplish  sealing,  usually  with  the  aid  of  a  thermo¬ 
plastic  coated  end  label  to  add  structural  strength  to  the  end. 

A  fourth  type  of  lamination  consisted  of  layers  of  lacquer-foil-wet 
adhesive-sulfite  paper-wax-tissue.  In  this  combination,  the  lacquer  was 
a  heat  sealing  tvq:)e.  Since  it  has  to  be  applied  at  a  very  high  temperature 
to  the  foil  and  sulfite  paper  layers  (the  wax  and  tissue  being  mounted 
later)  the  latter  must  be  cemented  together  by  a  high-melting  wet  ad- 
hesiv^e  rather  than  wax. 

Recent  technological  advances  have  permitted  the  production  of  films 
coated  with  verv  thin  layers  of  metal  which  have  been  deposited  from  the 
vapor  state  or  by  buffing  with  metallic  dusts.  These  vacuum  coated 
materials,  usually  called  metallized  papers,  are  being  used  extensively  for 
candy  packaging  and  have  been  suggested  for  use  on  bakery  products. 
The  principal  advantage  of  these  films  lies  in  the  added  attractiveness 
which  they  contribute  to  the  package.  The  metal  layers  do  not  con¬ 
tribute  significant  resistance  to  moisture  vapor  transmission  as  do  foils. 


PACKAGING  MAGHINERY 

Bakery  packaging  machines  deal  w  ith  an  unusually  difficult  group  of 
products.  Not  only  are  the  pieces  varied  in  size  and  shape,  but  they  are 
fragile  and  easily  distorted.  High  s-olumes  and  low  densities  characterize 
some  of  them  such  as  bread,  and  these  qualities  also  contribute  then- 
share  of  problems  to  the  designer  of  packaging  machines.  However, 
packaging  engineers  ha\e  met  these  challenges  admirably  by  develop¬ 
ing  high  speed  capping  machines  wdiich  can  successfully  handle  any  ot 
the  baker's  products.  Some  of  these  devices  are  too  specialized  to  be 
discussed  in  any  detail  here.  Instead,  an  attempt  will  be  made  to  de¬ 
scribe  a  few  of  the  most  important  machines  and  some  general  piincip  . 

of  operation  and  maintenance.  i  ^ 

The  first  operational  element  encountered  by  the  product  .  .  1 

ping  machine  used  for  bread,  for  example,  would  be  the  conveyoi 
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I  mechanisms  which  transport  the  loaf  from  the  sheer.  Essentially,  these 
I  are  composed  of  flight  plates  supported  and  advanced  by  a  pair  of  chain 
belts  or  link  belts.  Most  wrapping  machines  can  be  obtained  with  a 
choice  of  several  lengths  of  infeed  conveyors.  Lengths  of  6,  9,  12,  and 
I  15  feet  are  commonly  available.  In  some  machines  the  slicer  and  wrapper 
I  are  combined,  eliminating  the  need  for  a  separate  conveying  unit. 

[Sliced  loaves  are  held  together  by  stationary  railings  which  may  be 
arranged  to  compress  the  loaves  slightly.  Other  designs  have  flexible 


Courtesy  of  Oliver  Machinery  Co. 

Fig.  185.  Oliver  #879  Polyethylene  Wrapping  Machine  for  Bread  or 

Cluster  Buns 


The  next  functional  element  encountered  by  the  product  is  the  lifter 
table,  or  elevator,  which  receives  it  either  directlv  from  •  f  n  i  • 
or  as  a  result  of  the  action  of  a  pusher  pktetdl  m  A  ’  , 

predetermined  length.  The  elevator  now  lifts  the  loaf  so  haft  “ 

or  film  IS  drawn  across  the  ton  a  i  \  ^ 

loaf.  Subsequently,  the  direction  of  tnalel  JZ 

loo.se  edge  of  the  paper  drawn  beneath  h  to 
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Heat  is  applied  along  the  line  of  contact  of  the  edges  to  give  the  bottom 
seal.  Fig.  183  illustrates  this  sequence  of  wrapping  movements. 

End  folds  are  made  by  tuckers.  One  method  of  sealing  involves  making 
all  four  end  folds  and  heating  them  simultaneously.  This  procedure  has 
been  largely  supplanted  by  the  progressive  method  in  which  each  fold  is 
sealed  as  it  is  made.  Progressive  sealing  obviates  the  necessity  for  heat 
penetration  through  several  layers  of  paper  with  the  resultant  danger  of 
overheating  and  excessive  wax  (or  other  adhesive)  flow.  Neubauer 
(1953)  says  that  the  soft  loaf  is  wrapped  most  effectively  by  using  rela- 


Cotirtesy  of  Tele-Sonic  Packaging  Corp. 


Fig.  186.  Tele-Sonic  Model  916-11 A  Bagging  Machine  for  Loaves, 

Clusters,  Pies,  Etc. 


tively  high  temperatures  on  tlie  inner  fold  and  relatively  low  temperature 
on  the  sealer  plates.  Less  wax  is  melted  or  horned  off  hy  this  method. 
After  sealing,  the  package  may  be  brought  in  contact  with  cooling  plates 
to  solidify  the  wax  or  other  adhesive  and  make  the  seal  permanent.  T  le 
cooling  plates  are  usually  refrigerated.  Fig.  184  illustrates  the  relative 
position  of  the  functional  units  in  a  bread  wrapping  machine 

The  heating  and  cooling  plates,  as  well  as  other  parts  of  the  maclnne 
which  come  into  contact  with  hot  packaging  material,  may  be  coated 
with  Teflon  to  eliminate  sticking  and  the  build  up  of  carbon  deposits. 
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If,  as  is  frequently  the  case,  an  inner  paper  band  is  required,  it  is  formed 
simultaneously  with  the  wrapping  operation  and  from  roll  stock.  Fop 
labels  and  similar  inserts  are  deposited  on  the  product  as  it  enters  the 
conveyor  leading  from  the  sheer.  End  labels,  w'hich  can  giv'C  v'ahiable 
added  strength  to  the  end  seal,  are  attached  before  the  package  reaches 
the  cooling  plates. 

W'rapping  speeds  of  65  loaves  iier  minute,  and  even  more  under  very 
favorable  circumstances,  are  possible  with  modern  machines.  The  rate 
of  packaging  is  governed  to  a  large  e.xtent  by  the  type  of  product  and 
its  size.  As  the  dimensions  increase,  lower  speeds  are  recommended. 
The  rate  must  also  be  reduced  when  wrapping  extremely  soft  loaves. 
In  practice,  the  speed  of  the  wrapping  machine  is  determined  by  the 
output  of  the  sheer. 

The  heat  applied  at  the  sealing  plates  is  controlled  by  one  or  more 
thermostats.  Most  wrapping  machine  thermostats  are  of  the  “off-on” 
tvqie  and  are  adjustable  within  the  range  of  150°  to  500°F.  St.  Arnaud 
(1959D)  described  a  method  for  calibrating  thermostats  by  using 
“Tempilsticks”  and  gave  the  following  common  causes  of  thermostat  mal¬ 
functioning: 

“(1)  loose  or  broken  heat-sensitive  section  (the  part  attached  to  the 
sealing  plate);  (2)  leak  in  tubing  or  actuator,  permitting  gas  or  liquid  to 
escape;  (3)  loose  terminal  posts;  (4)  faulty  wiring;  (5)  loose  connections 
on  electric  heating  elements;  and  (6)  burned  out  elements.” 

Preheated  second  folders  improve  the  inner  seals  of  heavy  opaque 
material.  Heated  second  folders  or  tuckers  should  not  be  used  if  Cello¬ 
phane  or  synthetic  coated  papers  are  used  as  wrapping  material.  When 
second  folders  are  to  be  heated,  four-inch  elements  of  200-watt  capacitv 
are  the  proper  size  to  use.  In  all  cases,  sealing  plates  should  be  heated 

by  elements  of  equal  size  and  a  grooved  element  should  not  be  paired 
with  a  smooth  element. 

The  following  points  of  preventive  maintenance  for  wrappers  should 
lie  emphasized: 

(1 )  Do  not  allow  carbon  to  ace.imulate  on  the  sealing  plate  or  folder 
.  ..n»o  t  will  cause  pits,  retard  heat  transfer,  and  may  pull  out  the 


surfaces, 
end  folds. 

(2)  Do  not  use  bottom  panels  with  badly  worn  ribbed  surfaces  This 
conditimi  can  cause  undue  friction  and  crippling  of  loaves. 

(.  )  Tuckeis  should  be  clean,  free  of  marks,  and  of  proper  width  If 
a  wider  tip  is  desired  on  the  end  fold,  file  awav  the  low«-  side  of  th! 
tuckers  up  to  the  rear  edge  of  the  loaf  unHl  iLo  iT-  i  i 
Worn  tuckers  may  cause  first  fold  pull  ^  ^  obtained. 

(4)  Blow  crumbs  out  of  the  finger  assembly  several  times  a  dav. 
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For  assistance  in  troubleshooting,  some  of  the  common  maladjustments 
and  the  t\'pos  of  defective  packaging  caused  by  them  are  summarized 
below: 

(  I )  Off-center  paper  causes  short  folds  at  one  (mhI  and  bunching  at  the 
other,  and  the  design  will  be  off-center. 

(2)  Loaf  pushers  should  be  cut  as  specified  by  the  machine  manufac¬ 
turer,  which  is  the  length  of  the  loaf  at  the  upper  pan  line.  If  shorter 
heels  slip  backward  and  the  package  end  has  a  bad  appearance,  the  end 
label  will  not  center  with  the  loaf  and  a  weak  seal  will  occur. 

(3)  Setting  the  machine  too  tight  causes  excessive  loaf  compression 
with  resultant  high  pressure  within  the  package.  This  may  cause  the  ends 
to  pop  open  when  the  chill  plate  pressure  is  released  or  cause  a  bad  bottom 
seal. 

(4)  Setting  the  machine  too  loose  decreases  sealing  strength,  makes  a 
sloppy  looking  package,  and  increases  carbonizing. 

(5)  It  is  important  to  select  the  proper  tuckers  for  the  size  of  loaf  being 
wrapped.  Use  of  the  wrong  tucker  blade  reduces  the  chances  for  obtain¬ 
ing  a  good  end  fold. 

(6)  End  label  slippage  may  result  from:  (a)  sealing  plates  too  hot; 
(b)  loose  contact  against  the  loaf  end;  (c)  cold  end  label  plunger;  (d) 
sealing  plates  out  of  alignment;  and  (e)  poor  end  folds. 

(7)  Bottom  lap  troubles  may  be  due  to:  (a)  slippage  around  the  loaf; 
(b)  loose  tuckers;  (c)  tacky  bridge  plates  and  paper  brake  surface;  (d) 
sticky  chuck  brake;  (e)  slow  paper  feed;  or  (f)  worn  lap  loller  assembly. 

(8)  If  the  bottom  lap  wrinkles,  the  machine  is  set  too  tight,  slip-on 
plates  are  too  short,  or  the  sealer  plates  are  not  set  correctly.  Assuming 
that  the  tucker  arms  are  not  loose  and  the  machine  is  properly  adjusted, 
then  the  usual  cause  of  bad  folding  is  an  excessively  loose  wrap. 

(9)  Paper  tangling  may  result  from  a  shear  bar  which  has  been  bent 
(eg  by  cripples)  enough  to  prevent  proper  cutting,  or  the  variable  paper 
drive  may  not  be  set  correctly.  The  floating  web  stick  should  not  climh 
to  the  top  of  the  guide  slots  nor  remain  stationary  at  the  bottom  of  the 

^  "some  cluster  buns  are  wrapped  by  machines  similar  to  those  used  for 
packaging  bread  loaves  (see  Fig.  185).  Simple  bagging  machines  can 
also  be  used  to  package  cluster  buns  and  rolls  (see  Fig.  186). 
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CHAPTER  23 


Gaston  Dalby 
and  George  Hill 


Quality  Testing  of  Bakery  Products 


Quality  testing  of  bakery  products  produced  and  distributed  by  whole¬ 
sale  bakers  represents  the  culmination  of  a  number  of  quality  control  and 
process  control  procedures.  The  best  quality  in  the  finished  product 
means  that  quality  control  of  the  ingredients  has  been  properly  main¬ 
tained,  the  manufacturing  processes  checked,  the  wrapping  and  packing 
handled  nomially,  and  distribution  carried  out  under  usual  procedures. 

It  is  usually  the  best  policy  to  obtain  samples  of  the  finished  product 
directly  from  retail  outlets.  Such  samples  will  be  truly  random  and  will 
have  been  through  normal  channels  of  distribution.  The  problem  of  dis¬ 
tribution  is  a  major  factor  affecting  quality  of  bakery  products,  and  it  is 
therefore  important  to  undertake  quality  control  tests  as  nearly  as  possible 
on  the  actual  products  available  to  the  consumer. 


TEST  PROCEDURES  EOR  DETERMINING  INGREDIENTS 


Moisture 


The  standard  AOAC  (Anon.  1955)  procedure  is  followed  for  both  bread 
and  cake.  In  a  loaf  of  bread  moisture  content  varies  widely  from  the  crust 
to  the  center  of  the  loaf.  The  end  slices  are  much  drier  than  the  center 
slices.  This  is  the  reason  why  the  official  procedure  calls  for  a  moisture 
determination  using  either  one  half  of  the  loaf  or  a  whole  loaf.  This 
moisture  variation  also  occurs  in  cake  and  is  especially  marked  in  pound 
cake.  In  a  loaf  of  bread,  the  moisture  content  of  tlie  center  core  of  the 
center  slices  is  within  a  few  tenths  of  one  per  cent  of  the  moisture  content 
of  the  dough  from  which  the  loaf  was  baked.  This  is  true  unless  the 
bread  has  been  pennitted  to  dry  out  excessivelv. 
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Work  in  this  laboratory  has  shown  that  the  moisture  transfer  from  one 
segment  to  another  takes  place  in  the  vapor  phase  rather  than  in  the  liquid 
phase. 

Moisture  content  is  important  in  quality  of  product.  This  has  been  em¬ 
phasized  in  bulletins  issued  by  the  American  Institute  of  Baking  (Anon. 
1954B  and  1959).  It  is  also  proved  by  the  increasing  emphasis  on  mois¬ 
ture-proofness  of  wrapping  materials  for  bakery  products. 


Fig.  187.  Moisture  Variations  i.n 
Sections  of  a  Bread  Slice 

In  a  typical  fresh  slice,  section  A 
might  have  44  per  cent  moisture, 
section  B  43  per  cent  moisture,  and 
section  C  32  per  cent  moisture. 


MOISTURE  CONTENT  OF  VARIOUS  SEGMENTS  OF  A  BREAD  SLICE,  AND  THE  CHANGE  IN  THESE 

MOISTURE  LEVELS  AS  THE  LOAF  STALES 

Fresh  Loaf,  Three  Day  Old  Loaf, 

Per  cent  Per  cent 

44.0  43.8 

43.0  40.9 

32.0  33.9 

37.0  37.0 


Center  core 
Intermediate  area 
Outside  area 
Entire  loaf 


It  is  often  necessary  to  determine  the  moisture  content  of  doughs  and 
batters.  One  workable  procedure  is  to  take  a  weighed  portion  of  hattei 
or  dough,  50  to  100  grams,  add  a  measured  quantity  of  water,  and 
thoroughly  disperse  the  dough  or  batter  with  the  water  m  a  Waring 
Blender.  An  aliquot  is  taken  and  total  moisture  determined  by  oven 
drying.  The  original  moisture  content  of  the  dough  or  batter  may  then  le 

calculated. 
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Fat 


Fat  content  may  he  deterniinecl  by  standard  procediir(3S.  In  liread, 
total  fat  content  eonsists  of  added  fat  and  fat  contributed  by  tlie  ingredi¬ 
ents,  especially  the  flonr.  (^n  the  average,  the  fat  content  of  a  loaf  ol 
bread  to  which  no  fat  has  been  added,  will  run  0.7  per  cent  to  1.0  per  cent 
on  the  dry  basis.  In  order  to  estimate  the  amount  of  fat  added  on  the 
basis  of  the  flour,  this  amount  must  be  subtracted  from  the  total  per¬ 
centage  found  also  calculated  to  the  dry  basis. 

1'he  bread  baker  almost  universally  calculates  added  ingredients  on  the 
basis  of  the  flour.  If  total  fat  is  determined  and  calculated  to  the  dry 
basis,  and  a  correction  made  for  fat  contributed  by  the  ingredients,  the 
resultant  figure  on  the  dry  basis  is  sufficiently  close  to  the  amount  of  fat 
added  on  the  basis  of  the  flour  for  all  practical  purposes.  The  reason  for 
this  convenient  arithmetic  is  that  flour  usually  contains  13  per  cent 
to  14  per  cent  moisture.  Other  ingredients  added  to  bread  including  fat, 
dry  milk,  sugar,  salt,  etc.  approximate  in  total  about  13  per  cent  to  14 
per  cent.  Hence  these  ingredients  in  percentage  are  equivalent  to  the 
original  water  content  of  the  flour,  and  a  calculation  to  the  dry  basis  will 
approximate  the  percentage  based  on  the  original  flour.  This  same  cal¬ 
culation  may  be  used  for  milk,  sugar,  and  other  added  ingredients. 

If  an  analysis  for  butter  fat  is  being  made,  then  it  is  necessary  to  extract 
sufficient  fat  for  a  Reichert-Meissl  number.  If  the  percentage  of  butter 
fat  in  relation  to  total  fat  is  low,  then  this  becomes  a  very  difficult  determi¬ 
nation  to  interpret. 

The  determination  of  total  fat  in  cake  is  a  straight-forward  procedure 
but  the  interpretation  presents  difficulties.  Besides  shortening  added  to 
the  cake,  whole  eggs  or  egg  yolks  contribute  considerable  amounts.  Cocoa 
and  chocolate  also  contribute  fat.  Iodine  numbers,  Reichert-Meissl  num¬ 
bers,  melting  point,  etc.  will  help  in  identifying  the  source  of  the  fat  but 
each  case  is  different.  If  the  fat  extraction  is  made  for  routine  quality 

control  on  a  product  produced  from  a  standard  formula,  then  of  course 
1116  mterpretiition  becomes  eiisier.  ^ 

diffienh'T’ W  f  in  ’’■■ead  and  cake  is  an  unusually 

difhc  ,1  problem  and  no  adequate  procedures  are  presently  available 

The  fat  must  be  extracted  under  mild  conditions  without  hydrolysis 
order  to  avoid  the  formation  of  monoglycerides  from  intact  -7  Ti  e 
periodate  titration  procedure  as  developed  by  Polile  et  al  nqaT  1 1 
studied  collaboratively  by  a  Committee  of  ffie  AmLiLn  OR  ct  7 

Society  gives  a  presumptive  estimation  of  monoglycerides  in  fat  Sa  1  " 

of  bread  baked  with  noniial  monoglyceride  levels  and  r>fl  '  i  ' 

.»l.  .imil.,  1..*  k., 
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HtCCLtl  ^C<yLQ  ]Q.epO*Lt 

AMERICAN  INSTITUTE  OF  BAKING 

1I3S  FULLERTON  AVE.,  CHICAGO,  ILLINOIS 


The  Bread  Scoring  service  is  intended  to  STIMULATE  AN  INTEREST  IN  AND  HELP  SECURE  AND  MAINTAIN  BREAD 
QUALITY.  We  can  not  score  competing  brands  nor  can  we  permit  the  use  of  your  score  or  comparative  bread  scores  in  advertis- 
ing  publicity  or  in  local  controversy. 

Since  our  membership  is  not  an  exclusive  franchise,  but  is  open  to,  and  accepted  by  all  bakers  everywhere,  the  soundness  of  this 
position  must  be  obvious  to  our  members. 


Explanation  of  Score 


Volume 

9  The  desired  volume  varies  in  different  sections  of 
the  country.  Nevertheless,  in  order  to  render  an 
unbiased  value  for  volume  on  the  enclosed  score, 
standards  for  white  pan  bread  have  been  estab¬ 
lished.  These  standards  are  given  on  the  next  page. 


Color  of  Crust 

^  The  color  of  crust  should  be  an  appetizing  nut- 
brown.  It  should  be  uniform,  free  from  spots  or 
streaks.  The  crust  may  or  may  not  have  a  glaze,  de¬ 
pending  on  the  requirements  of  various  localities. 

Sy  m  metry  of  Form 

•  The  ideal  loaf  should  be  symmetrical  without  low 
ends  or  overlapping  crust. 

Evenness  of  Bake 

%  The  loaf  should  be  evenly  baked  on  all  sides  in¬ 
cluding  the  bottom.  It  should  be  evenly  colored 
with  no  light  or  burned  spots.  The  shade  of  the 
sides  and  bottom  should  conform  with  that  of  the 
crust. 

Character  of  Crust 

0  A  good  crust  is  thin  and  breaks  easily.  It  should 
not  be  thick,  tough,  or  rubbery. 

Break  and  Shred 

0  The  loaf  should  have  a  uniform,  smooth  break, 
with  a  well-defined  shred  on  all  sides.  A  ragged 
break  or  a  shell  crust  detracts  from  the  appearance 
of  the  loaf. 


0  The  grain  is  the  structure  formed  by  the  strands 
of  gluten,  including  the  area  they  surround.  The 
cell  structure  varies  considerably  with  the  different 
types  of  bread,— for  example,  the  **cross  pan**,  the 
**twist”,  or  the  *Vegular  round  top**  loaf,— and  no 
standard  can  be  established.  In  every  case  the 
structure  should  be  uniform  with  thin-walled  cells. 

Color  of  Crumb 

^  No  definite  tint  can  be  established  for  the  color  of 
crumb.  However,  it  should  be  bright  with  some 
luster.  The  surface  should  present  a  uniform  shade 
without  streaks  or  dark  patches. 

Aroma 

^  Aroma  as  here  used  is  recognized  by  the  organs  of 
smell.  The  aroma  may  be  noted  as  sweet,  rich, 
fresh,  malty,  musty,  metallic,  flat,  or  sour.  The 
ideal  loaf  has  a  pleasant,  wheaty  or  nutty  aroma. 

Taste 

^  The  most  important  attribute  of  good  bread  Is  that 
it  has  a  pleasant  and  satisfying  wheaty  taste. 

Mastication 

^  Mastication  as  used  here  is  solely  to  judge  chewing 
qualities  of  the  loaf.  The  ideal  loaf  should  be  free 
from  doughiness  and  should  not  be  dry  or  tough. 

Texture 

0  Texture  is  determined  by  the  sense  of  touch,  h 
depends  on  the  physical  condition  of  the  crumb  and 
i,  influenced  by  the  grain.  It  is  an  expression  of 
the  pliability  and  smoothness  of  the  crumb.  T  e 
ideal  texture  is  soft  and  velvety,  without  weakness, 
and  should  not  crumble. 
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moiioglyccride  (jiuintities  in  the  extracted  fat.  It  must  l^e  assumed  that 
monoglyceride  is  formed  during  tlie  fermentation  and  Ixiking  processes, 
riiis  \\as  reported  hy  Dalhy  (1949)  and  exhaustively  studied  by  Kuhrt 
(i  al.  {  1952).  The  extraetion  of  monoglyeerides  from  bread  crumb  under 
conditions  sufficiently  mild  to  jnevent  hydrolysis  is  a  difficult  procedure 
and  this  difficulty  may  in  part  be  due  to  the  possibility  that  there  is  a 
strong  chemical  bond  between  monoglycerides  and  starch  and  it  is  be¬ 
cause  of  this  affinity  that  monoglycerides  exert  their  softening  action  on 
bread  crumb. 

Milk 

The  determination  of  milk  in  bread  and  cake  may  best  be  done  by  the 
lactose  determination.  The  official  procedures  call  for  the  extraction  of 
the  total  sugar  and  the  subsequent  fermentation  of  all  the  sugar  present 
in  the  extract  except  lactose.  A  simpler  method  than  the  official  one  as 
reported  by  Hoffman  et  al.  (1936)  gives  excellent  results  for  routine 
quality  control  determinations.  Lactose  oecurs  in  non-fat  milk  solids  at 
a  level  of  50  per  cent  approximately.  Therefore  the  lactose  percentage 
multiplied  by  a  factor  of  two  will  give  the  percentage  of  non-fat  milk 
solids. 


Sugar 

Total  sugar  in  bakery  products  is  detennined  by  official  procedures. 
The  chemical  analysis  will  show  total  reducing  sugar.  In  bread  this  will 
generally  be  a  combination  of  lactose,  maltose,  dextrose  and  fructose.  If 
a  lactose  determination  for  milk  is  being  made  at  the  same  time  the  lac¬ 
tose  can  be  deducted  from  the  total.  Usually  total  sugar  minus  lactose 
is  all  that  IS  required  for  quality  control  procedures. 

No  sucrose  can  exist  in  yeast  raised  bread  due  to  the  rapid  inverting 

ac  ,on  o  the  yeast  enzymes  This  action  takes  place  so  fast  that  sucrose 

cannot  he  found  ,n  a  dough  immediately  after  it  is  removed  from  the 
mixer.  ^ 

The  identity  and  approximate  quantity  of  sugar  in  bread  may  be  deter- 
mined  by  chromatographic  analysis.  ^ 

Protein 

produc(s"contatnIn'ghigh  fat  le^rlt  bTfr'^r'l  T. In 
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NAME 


ADDRESS 


TYPE  OF  BREAD 


YOUR  MARK 


OUR  NUMBER 


DATE  RECEIVED 

date  scored 

CHECKER 

EXAMINER 


WEIGHT  aVrECEIVEO- UNWRAPPED 


LENGTH  OF  lOAF-INCHES  iBOTTOMI 

LOAF  VOLUME 
PER  UNIT  WEIGHT 
OF  BREAD 

Th»  VOLUME  figure  used  is  "Cubic 
laches  per  Ouacs"  earned  lo  ooe 
decixnal.  In  other  words,  the  figure 
obtained  by  dividing  the  volume  In 
cubic  inches  by  the  weight  in  ounces 
os  received. 

By  comparing  the  figure  of  the  loaf 
submitted  to  the  average,  the  high  and 
the  low.  the  baker  will  have  an  Indi- 
color  that  should  be  of  value. 

Also,  this  will  prove  to  be  o  valuable 
figure  to  aid  In  comparing  the  present 
loaf  with  that  of  a  previous  sample. 
Certain  volume  figures  may  be  normal 
to  certoin  markets. 


The  Unit  Volume 
of  This  Loaf  Is:— 


Cubic  inch**  p«r  eunc* 


Standards  for  VOLUME  on  Score 

While  Pan  Bread  Only 


Cobk  Inch**  pw  Ot.  of  Volu*  Giy*n 

Br*od  by  M*o*«»om*nt  on  Scot* 

II.SI0I2.4  90 

IO.Stoll4  9.5 

9.5  10  10.4  100 

0.5  10  9.4  9.5 

7.5  10  8.4  9.0 

6.510  7.4  9  5 

5.5  10  6.4  8  0 


SUMMARY 


Unit  Volume  White  Pan  Bread  for 
the  Past  Three  Months 


Average 

High 

Lov/ 


• 

NOTE!  Please  Send  Bread  for  Scor¬ 
ing  as  Marketed,  that  is,  sliced 
unsliced,  etc. 


EXTERNAL 

PcI.El  1 
Score 

! 

1 

- 1_ 

ample 

Score 

PENALIZED  FOR:- 

Volume 

10 

1 

1 

Too  Small 

Too  Large 

i 

Color 
of  Crust 

8 

Not  Uniform 

Light 

Dork 

Dull 

Streoked  j 

Symmetry 
of  Form 

3 

1 

Low  End 

Protruding  Crust 
Uneven  Top 

Shrunken  Side  i 

Low  Side 

Low  Middle 

Flat  Top 

Smoll  End 

Evenness 
of  Boke 

3 

Light  Side 

Light  Bottom 

Dark  Bottom 
"Spotty"  Bottom 

Light  End 

Chorocter 
of  Crust 

3 

1 

Thick 

Tough 

Hard 

Brittle 

Break 
and  Shred 

3 

One  Side  Only 

Wild  Break 

No  Shred 

Shell 

Insufficient 

None 

30 

INTERNAL 

Open  Coarse 
Non-Uniform 

Thick  Cell  Wells 

Holes 

Groin 

10 

Color 
of  Crumb 

10 

Gray 

Dork 

Streaky 

Dull 

Aroma 

10 

Strong 

Lock  of 

Musty 

Sharp 

Gossy 

Foreign 

Taste 

15 

Flat 

Solty 

Sour 

UnpleosontAftertoste 

1 

1 

1 

1 

Foreign 

Mastication 

(Chevrobility 

10 

i 

1 

Doughy 

Dry 

Tough 

Gummy 

1  , 

Texture 

15 

1 

Rough-Harsh 

Lumpy 

Core 

Crumbly 

Ridged 

Too  Loose 

Too  Compoct 

i 

70 

All  white  Pon  Br 
Averop*  Score 
Highecl  Score; 

1 

eed  Scored  in  Poet  3  Month* 

Total  Score  100 

Couriesu  of  American  Institute  of  Baking  (Copyrighted-Used  by  permission) 


Fig.  189. 
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of  5.7,  milk  protein  has  a  factor  of  6.38  and  egg  protein  a  factor  of  6.25. 
The  factor  of  6.25  is  used  as  an  average  and  may  tend  to  produce  a 
slightly  high  protein  result  when  used  for  white  bread. 

Mineral  Residue 

Ash  is  usually  determined  on  air-dried  ground  samples.  The  main  pre¬ 
caution  is  to  use  low  ashing  temperatures  to  avoid  loss  of  sodium  chloride. 
Total  ash  is  not  too  important  in  quality  control  since  it  is  a  total  of  all 
mineral  residues  from  the  ingredients  plus  added  minerals  such  as  sodium 
chloride,  dough  conditioner  salts,  calcium  and  sodium  propionate,  etc. 


Type  of  Flour 

By  careful  examination,  the  grade  of  flour  used  in  bread  manufacture 
may  be  estimated  by  color  and  brightness  of  crumb.  Short  patent  bread 
flours  compared  to  standard  and  straight  patents  are  lower  in  ash  or  min¬ 
eral  content.  Total  ash  per  se  is  of  no  importance  in  flour  grade  since 
most  of  the  mineral  matter  in  flour  is  potassium  phosphate  and  potassium 
phosphate  has  no  affect  on  bread  quality  in  the  amounts  that  would  be 
contributed  by  the  ash  of  the  flour.  Grade  is  determined  by  extraction; 
that  is,  the  number  of  pounds  of  flour  obtained  from  100  lb.  of  wheat. 
Manganese  occurs  in  the  mineral  matter  of  wheat  and  the  evidence  indi¬ 
cates  that  its  percentage  is  constant  from  year  to  year  and  from  one  wheat 
growing  region  to  another. 

The  manganese  contribution  to  bread  from  ingredients  other  than  flour 
is  minute;  hence  a  manganese  determination  on  bread  will  give,  within 
reasonable  limits,  a  good  estimate  of  the  extraction  percentage  of  the  flour 
used  to  produce  the  bread.  Manganese  may  be  detennined  with  great 

accuracy  by  a  comparatively  simple  procedure  as  reported  by  Hoffman 
ef  rt/.  (1943). 

Often  the  question  arises  concerning  whether  or  not  whole  wheat  flour 
is  present  in  a  bread  product.  Crude  fibre  may  also  be  determined  If 
the  crude  fibre  content  of  the  bread  is  at  least  1.5  per  cent,  it  may  be 
assumed  that  whole  wheat  flour  was  used  in  the  manufacture  of  this  bread, 

NIold  Inhibitors 

Official  procedures  are  available  for  tl,e  determination  of  acetates  and 

mkrZ  A"  procedure  is  available  for 

rapid  determination  of  propionates  in  bread  and  cake 

Procedure -Sixty  grams  of  cake  or  bread  as  received  are  weighed 
ogetlier  with  6  gm.  of  Filter  cel  or  an  equivalent  filtering  aid.  The  „7x 
tnre  is  placed  m  suspension  in  600  ml.  of  water. 

The  extraction  can  be  carried  out  in  several  ways.  It  was  found  most 
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convenient  to  utilize  a  Waring  Blendor.  In  this  case  the  material  is 
blended  foi  3  to  5  minutes  and  then  poured  into  300  ml.  centrifuge  cups 
for  separation.  An  alternate  method  is  to  soak  the  material  over  a  period 
of  2  to  3  hours  with  occasional  stirring  and  subsequent  separation  by 
filtering  or,  preferably,  by  centrifuging.  ! 

Four  hundred  milliliters  of  the  supernatant  liquid  or  filtrate  are  then 
added  to  a  distillation  flask  together  with  4  ml.  concentrated  phosphoric 


Fig.  190.  Bread  Slice  Showing  Fig.  191.  Bread  Slice  Having  Fair 

Very  Poor  Grain  and  Te.\ture  Quality  Crumb  Structure  But 

with  Some  Holes,  Irregular  Cells, 
AND  Matted  Cells  at  Bottom 


acid  and  a  few  glass  beads  to  help  overcome  bumping.  The  suspension 
is  distilled  and  the  distillate  collected  in  100  ml.  fractions.  The  fractions 
are  then  titrated  with  0.1  N  sodium  hydroxide. 

A  table  similar  to  Table  82  is  made  up  from  a  series  of  known  pro¬ 
pionate  levels  baked  into  test  products,  and  the  results  of  the  three  100  ml. 
aliquot  titrations  are  tabulated  against  a  suitable  factor  such  as  oz.  pro¬ 
pionate  per  100  lbs.  flour,  or  oz.  propionate  per  100  lbs.  total  batter,  etc. 


Table  82 


TI  I  ration  values  of  100  ML. 


ALIQUOTS  FROM  PROPIONATE  DISTILLATION  METHOD* 


No  propionate 

2. 5  oz.  per  100  lbs.  flour 

5.0  oz.  per  100  lbs.  flour 


1st 

.Aliquot 


0.40 
1 .20 
2.10 


2nd 

3rd 

.Aliquot 

.Aliquot 

0.40 

0.50 

1 .10 

1.10 

1.90 

1 .90 

.  These::u-c  typical  figures  for  white  bread  but  may  vary  under  different  conditions. 
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Since  llie  blank  may  be  as  bigb  as 
level  products  a  separate  calibration 
is  desirable. 


20  to  30  per  cent  in  low  propionate 
curve  for  wide!)-  differing:  products 


VITAMIN  AND  MINERAL  SUPPLEMENTS 
AS  NUTRITIONAL  FACTORS 

Enriched  white  bread  must  conform  to  Federal  Standards  in  order  to 
be  so  labeled.  Assurance  of  conformity  to  label  statement  is  another 
function  of  quality  control.  In  non-standardized  bread  and  cake  products 
vitamin  and  mineral  assay  is  frequently  necessary  and  always  desirable 


Fig.  192.  Bread  Slice  with  Grain 
OF  Generally  Good  Quality  Even 
Though  Uniformity  of  Cell  Struc¬ 
ture  is  Not  Optimum 


Fig.  193.  Slice  of  Bread  Having 
Excellent,  Uniform  Cell 
Structure 


not  only  for  internal  product  control  bnt  also  to  supply  nutritional  data  to 
m  eiested  medical  and  institutional  groups  as  well  as  to  indix  idual  con- 
Sinners  who  are  limited  by  dietar\’  restrictions 

standard  enriclnnent  Idctors  for  white  bread  include  thiamin  (B.) 
riboflavin  ( B,),  niacin,  and  iron.  The  concentration  of  these  nutrients  in 

r  I  11  ‘u®  enriched 

e.id,  the  haker  iisuall)-  adds  enrichment  wafers  to  his  dough 

Tliiamm,  or  vitamin  B„  may  he  assayed  by  a  wide  varietv  of  methods 

mclnding  animal  feeding,  microhiological,  and  chemical.  Animal  tests 

™  -i-  no- 

.s  the  time  necessary  to  complete  a  test  which  varied  fZ's  to  sZeekt 
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Complicating  factors  during  that  time  frequently  render  the  test  quite 
\  ariahle  with  resultant  diffieulty  of  interpretation.  The  microbiological 
assays  which  depend  upon  growth  and  fermentation  processes  of  bac¬ 


teria,  yeast  and  molds  are  somewhat  faster,  requiring  from  4  hours  to 
2  or  3  days  for  completion.  These  procedures  often  result  in  higher  assay 
\xdues  due  to  substances  other  than  thiamin  stimulating  the  test  organism. 
They  can,  however,  produce  accurate  values  with  competent  inter¬ 
pretation. 

The  assay  of  thiamin  by  means  of  absorption  spectra  is  a  critical  and 
effective  approach  but  very  limited  in  scope.  Due  to  the  high  purity  and 
freedom  from  interfering  materials  required  by  this  technicpie,  its  prin¬ 
ciple  value  lies  in  the  pharmaceutical  field. 


Chemical  vitamin  assay  methods  are  becoming  widespread  in  use,  par¬ 
ticularly  in  quality  control  work.  Their  greatest  advantage  is  speed. 
Determinations  made  on  a  single  type  product,  for  example  bread,  can 
be  turned  out  at  the  rate  of  about  20  per  day  per  analyst.  Critics  of  the 
chemical  procedure  hold  the  results  to  be  less  accuiate  than  otheis  and 
to  suffer  from  poor  inter-laboratory  agreement.  However,  through  the 
efforts  of  collaborati\  e  work  among  members  of  technical  organizations, 
these  difficulties  are  being  gradualh’  (n  ercome.  Bechtel  and  Hollenbeck 
(1958)  have  shown,  in  collaborative  work  involving  eleven  difteren 
laboratories,  a  coefficient  of  variation  based  upon  single  determination  of 
as  low  as  2.9  per  cent  for  some  baked  goods,  and  8  to  13  per 
products  containing  interfering  pigments  such  as  breakfast  cereals  He 
chemical  method  most  widely  used  involves  extraction  of  the 

ally  witli  enzymes,  separation  of  interfering  materials,  and  hnaliy 
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oxidation  to  thiochrome  whose  fluorescence  under  ultraviolet  light  can  be 
measured. 

Riboflavin,  vitamin  B2,  is  assayed  in  much  the  same  manner  as  thiamin. 
Animal,  microbiological  and  chemical  methods  are  all  widely  used  and 
each  group  of  methods  have  about  the  same  advantages  and  disadvantages 
as  encountered  with  thiamin.  Once  again  in  quality  control  work,  the 
chemical  approach  is  most  practical  because  of  the  time  factor.  The 
inherent  difficulties  of  the  assay,  like  those  of  vitamin  Bi,  have  been  and 
are  continuing  to  be  studied  by  collaborative  groups  with  promising 
results. 

In  the  determination  of  niacin  microbiological  and  chemical  methods  are 
employed.  The  former  utilizes  the  measurement  of  acid  production  dur¬ 
ing  the  growth  of  LacfobaciUtis  planfartim  while  the  official  chemical 
method  depends  upon  colorimetric  measurement  of  a  sulfanilic  acid 
addition  compound  with  a  niacin  derivative.  Little  can  be  added  for  this 
assay  that  has  not  already  been  pointed  out  in  the  cases  of  thiamin  and 
riboflavin.  Although  the  chemical  method  is  to  be  preferred  for  speed  and 
for  the  laboratory  making  infrequent  assays,  the  microbiological  approacli 
is  the  more  convenient  for  the  organization  dealing  with  a  larger  number 
of  determinations  and  having  facilities  for  the  maintenance  of  proper 
bacterial  cultures. 

T  he  assay  of  iron  is  a  relatively  simple,  straightforward,  chemico- 
ojitical  method.  T  he  method  with  but  slight  variation  is  recognized  by 
both  the  Association  of  Official  Agricultural  Chemists  and  the  American 
Association  of  Cereal  Chemists.  It  consists  of  ashing  the  baked  product 
or  original  flour,  dissolving  the  ash  in  acid,  mild  reduction  to  maintain  the 
iion  in  the  ferrous  state  and  color  generation  with  either  1,  1-dipyridyl  or 
o-phenanthrohne.  The  light  transmission  of  the  resulting  solution  is  then 
determined  at  520  millimicrons  wave  length  by  means  of  a  spectro¬ 
photometer,  neutral  wedge  photometer  or  similar  instrument.  A  calibra¬ 
tion  curve  is  made  from  standard  iron  solution  and  the  concentration  of 
the  unknown  obtained  from  the  curve.  Differences  between  duplicate 
samples  can  usually  be  held  down  to  2  to  3  per  cent  variation  in  this 


MICROBIOLOGICAL  TESTING  OF  INGREDIENTS 

In  past  years,  one  of  tlie  most  serkn.s  proble.ns  confrontim;  the  l.aker 
<lnnng  wann  u^ather  was  -ropy”  bread.  This  is  a  conditio, fcaosed  bv 
pore  tor,™„g  bacteria  wlricb  snrvive  baking  te.nperatnres  The  l,i  , 
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can  occur  in  flour,  yeast,  and  salt  products.  Modern  processing  condi¬ 
tions  have  practically  eliminated  this  problem,  hut  it  formerly  was  a  very 
important  (piality  control  consideration  for  flour,  yeast,  and  malt.  A 
satisfactory  quality  control  procedure  for  rope  spores  was  reported  hv 
Hoffman  et  al  (1937). 

A  numbei  of  cake  ingredients  are  potential  sources  for  microbiological 
contamination.  Cocoa  in  recent  years  has  become  a  serious  source  of 
bacterial  contamination  when  it  is  used  in  icings  and  creams  which  are 
not  subjected  to  heat.  Cocoa  also  may  often  be  verv  high  in  mold  spore 
count.  Coconut  when  used  as  a  topping  on  cakes  and  not  heated  may  be 
a  source  of  mold  and  bacteria  which  will  affect  the  qualit}^  of  the  cake. 

Products  which  go  into  creams  can  be  serious  sources  of  bacterial 
contamination  and  if  these  creams  are  not  heated  in  the  manufacture  of 
pies  and  pastries,  there  is  the  possibility  of  food  poisoning.  All  types  of 
frozen  eggs  may  be  the  source  of  high  bacterial  contamination  including 
staphylococci  and  salmonella.  Dry  egg  white,  dry  whole  eggs,  and  drv 
egg  yolk  can  also  be  high  in  bacteria  including  toxin  forming  types. 

Unexpected  sources  of  bacterial  contamination  may  be  from  solutions 
of  egg  color  ( usually  solutions  of  coal  tar  dyes )  which  have  shown  coli- 
form  counts  of  1.15  X  16*-  Vanilla  solutions,  usually  diluted  with  water 
for  bakery  use,  may  show  counts  up  in  the  millions.  Topping  mixes,  pre¬ 
pared  from  milk  solids  and  emulsified  vegetable  shortening  may  show 
extremely  high  counts  of  both  coliform  and  staphylococci.  The  high 
bacteria  counts  existing  in  many  ingredients  that  compose  creams  and 
fillings  and  which  are  not  cooked,  constitute  a  serious  threat  to  public 
health.  Tlie  extent  of  this  threat  is  not  fully  understood  because  so 
many  gastrointestinal  illnesses  cannot  be  traced  to  their  cause.  The 
quality  control  chemist  has  a  great  responsibility  to  his  company  in  this 
area. 


SCORING  OF  BAKERY  PRODUCTS  AND  EFFECT  OF 
PROCESSING  VARIABLES  ON  FINISHED  PRODUCT 


The  bread  scoring  system  used  by  the  American  Institute  of  Baking  is 
recognized  as  an  excellent  and  well  balanced  system.  This  type  of 
scoring  system  is  especially  applicable  to  a  quality  control  laboiatoiy  that 
has  to  deal  with  many  types  of  bread  from  different  companies  and  various 
parts  of  the  country.  In  an  individual  company  with  its  bread  standard¬ 
ized  to  the  greatest  extent  possible,  some  of  the  scoring  points  are  not 
necessarv.  fldie  essential  factors  applicable  for  one  company  s  quality 


control  system  can  be  worked  out  on  simplei  basis.  i.  .  i  i  , 

The  American  Institute  of  Baking  scoring  system  for  bread  divides  the 
factors  to  be  considered  into  two  categories:  external  and  interna. 
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External  characteristics  considered  are: 
of  form,  evenness  of  bake,  cliaracter 
Internal  characteristics  are  grain,  color 


volume,  color  of  crust,  symmetry 
of  crust,  and  break  and  shred, 
of  ('mmb,  aroma,  taste,  mastica¬ 


tion,  and  texture. 


External  Characteristics 

Volume.— Bread  volume  is  usually  measured  by  displacement  of  poppy 
or  mustard  seed.  1  he  volume  of  the  loaf  in  cid)ic  inches  div'ided  by  tlu' 
weight  in  ounces  gives  the  volume  in  terms  of  cubic  inches  pei  ounce?. 
Hie  standards  used  by  the  American  Institute  of  Baking  are  as  follows: 

Cubic  Inches  per  Oz.  Value  Given  on  Score 

11.5  to  12.4  9.0 

10.5  to  11.4  9.5 

9.5  to  10.4  10.0 

8.5  to  9.4  9.5 

7.5  to  8.4  9.0 

6.5  to  7.4  8.5 

5.5  to  6.4  8.0 


The  values  given  in  this  scoring  system  for  white  pan  bread  rate  the 
average  American  pan  bread  as  ten.  Many  special  breads  have  a  much 
lower  cubic  inch  per  ounce  value,  that  is,  they  are  denser  or  more  compact. 
Volume  is  an  important  consideration  in  consumer  acceptance.  The 
importance  that  the  housewife  places  on  freshness  as  determined  by  the 
squeeze  test  has  played  a  role  in  the  increasing  importance  of  volume  in 
the  last  25  years.  The  greater  the  volume  or  the  lower  the  specific  gravity 
of  a  loaf,  the  softer  the  loaf  appears  on  the  “squeeze”  test.  A  consumer 
test  made  by  the  U.  S.  Department  of  Agriculture  and  reported  by  Bell 
(1956)  showed  that  bread  of  10  cubic  inches  per  oz.  was  preferred  over 
a  loaf  of  7  cubic  inches  per  oz.  Volume  is,  therefore,  an  important 
consideration  in  quality  control. 


Volume  is  affected  by  a  great  many  factors  both  from  the  ingredients 
and  from  processing.  The  quality  of  the  flour  is  extremely  important  in 
this  respect.  One  of  the  basic  criteria  used  in  judging  flour  produced 
from  experimental  wheats  is  the  volume  of  the  loaf  produced  Milk 
powder  witliout  proper  heat  treatment  can  produce  bread  with  nnnsuallv 
small  volume.  The  quantity  of  yeast  used  has  an  obvious  effect  on  volume 
In  the  sponge-dough  process,  the  percentage  of  sponge  and  the  time  of 
sponge  fermentation  both  affect  volume.  An  increase  in  the  percentage  of 
sponge,  assuming  good  quality  flour,  is  one  of  the  easiest  methods  of  in¬ 
creasing  volume  Other  processing  factors  such  as  mixing  and  molding 
a  ect  vo  ume,  but  improper  mixing  and  molding  will  affect  internal 
characteristics  as  well  as  volume.  Time  and  temperLire  of  proof  ht""  n 
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effect  on  volume  as  would  be  suspected  since  these  factors  are  closely 
related  to  the  overall  fermentation  development. 

Color  of  Crust.-Cnist  color  is  a  result  of  the  developmenl  of  earameli- 
zation  during  baking.  The  browning  reaction  due  to  an  interaction  of 
protein  and  reducing  sugar  also  comes  into  play.  Crust  color  is  more 
affected  by  formula  balance  and  oven  conditions  than  it  is  by  other  fac¬ 
tors.  Milk  solids  and  sugar  tend  to  increase  crust  color.  Old  doughs  in 
which  much  of  the  sugar  has  been  lost  by  fermentation  tend  to  lack  proper 
crust  color.  It  is  obvious  that  a  cool  oven  and  too  short  a  baking  time  will 
produce  a  pale  crust  color  while  too  hot  an  oven  and  too  long  a  baking 
time  will  produce  too  dark  a  crust  color. 

Symmetry  of  Form.— The  usual  defects  listed  under  symmetry  of  form 
are  small  or  low  ends,  shrunken  sides,  or  protruding  crust  or  “shelling.” 

Too  stiff  a  dough  due  most  often  to  too  low  absorption  will  produce  a 
loaf  with  small  ends.  Inadequate  fermentation  and  insufficient  diastatic 
activity  can  also  be  contributing  factors. 

Shrunken  sides  develop  during  cooling  and  most  commonly  are  due  to 
insufficient  baking.  Too  low  a  scaling  weight  in  the  pan  is  also  a  factor 
in  the  production  of  shrunken  sides.  This  characteristic  is  sometimes  re¬ 
ferred  to  as  “caving.” 

An  excessively  stiff  dough,  inadequate  fermentation,  and  lack  of  proper 
diastatic  activity  are  factors  which  contribute  to  shelling.  The  most  com¬ 
mon  cause  of  shelling  is,  however,  inadequate  proofing  due  to  a  short  time 
or  too  low  a  temperature  in  the  proof  box.  Lack  of  humidity  in  the  proof 
box  which  will  develop  a  crusty  top  on  the  dough  as  it  enters  the  oven  will 
help  cause  shelling.  Lack  of  moisture  in  the  oven  which  will  accelerate 

crust  formation  will  also  lead  to  shelling. 

Evenness  of  Bake.-Evenness  of  bake  is  controlled  by  correct  proofing 
and  by  oven  conditions.  Over  proofing  or  under  proofing,  by  the  effect  on 
loaf  size,  will  affect  evenness  of  bake.  Correct  balance  of  oven  heat,  and 
in  modern  ovens,  correct  use  of  agitators,  will  give  the  desired  evenness 
of  color  on  sides,  top,  and  bottom  of  loaf.  If  4  or  5  pans  are  strapped 
too  close  together,  it  is  often  difficult  to  obtain  correct  sidewall  color. 
The  distance  between  pans,  therefore,  becomes  of  more  importance 
as  the  time  of  bake  is  shortened  since  it  is  important  for  the  oven  heat 
to  penetrate  in  the  space  between  the  pans  and  start  the  sidewall  forma¬ 
tion  quickly. 

Character  of  Crust.-The  character  of  the  crust  that  best  suih  any  given 
market  area  for  the  type  of  liread  concerned  must  he  established  Tlie 
typical  white  bread  crust  should  he  thin  and  easily  broken.  It  should  not 
he  thick,  tough,  or  rubbery. 

The  formula  determines  the  character  of  the  crnst  to  a  considerable  e.s- 
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tent.  Insufficient  sugar,  milk,  or  diastatic  activity  wil  tend  to  cause  a 
thick  crust  since  the  lack  of  these  ingredients  will  slow  down  the  develop¬ 
ment  of  the  desired  crust  color,  and  the  longer  baking  time  required  will 
develop  the  thick  crust.  A  tough  and  rubbery  crust  can  be  due  to  a  low 
shortening  level.  During  the  restrictions  of  the  Second  World  War,  com¬ 
mercial  bakers  experienced  considerable  difficulty  with  tough  crusts.  This 
caused  serious  slicing  problems  in  the  bakery,  and  was  due  to  a  consider¬ 
able  extent  to  the  low  fat  levels  being  used. 

Proofing  without  sufficient  humidity  will  develop  a  crust  before  the 
loaf  goes  into  the  oven.  After  baking,  the  crust  will  be  too  thick.  Low 
oven  temperatures  will  develop  thick  crusts  since  the  baking  time  must 
extended  and  hence  the  crust  area  dries  out  and  becomes  thick  before 
the  interior  of  the  loaf  is  baked.  Conversely,  very  high  oven  temperatures 
will  also  develop  thick  crusts  since  there  is  much  crust  formation  before 
the  interior  is  baked.  Bread  dough  when  proofed  is  an  excellent  insulating 
material  and  the  penetration  of  heat  is  relatively  slow.  The  oven  tempera¬ 
ture  must  therefore  be  selected  to  produce  the  desired  rate  of  penetration 
of  heat  into  the  loaf  without  the  undesirable  crust  formation.  The  in¬ 
crease  of  oven  heat  does  not  increase  the  rate  of  heat  penetration  into  the 
loaf  proportionally,  but  high  heats  dry  the  surface  at  a  correspondingly 
higher  rate. 

Break  and  Shred.— When  the  fully  proofed  loaf  enters  the  oven,  heat 
penetration  starts.  Gases  in  the  dough  expand  and  yeast  activity  acceler¬ 
ates  temporarily  until  the  temperature  reaches  the  thermal  death  point 
of  yeast  activity.  This  causes  what  is  known  as  “oven  spring,”  and  de¬ 
velops  “break  and  shred.”  The  sudden  rise  exposes  dough  at  the  sides  of 
the  loaf,  without  any  preliminary  crust  fomiation.  If  this  is  ragged  and 
rough  it  is  undesirable.  The  shell  crust  or  “shelling”  has  been  discussed 
under  Symmetry  of  Form,  but  this  condition  is  also  related  to  Break  and 
Shred. 

If  the  oven  spring  occurs  at  a  period  in  the  oven  after  which  inadequate 
time  is  available  foi  some  ciust  formation  in  the  exposed  break,  then  when 
the  bread  is  wrapped,  keyhole  formation  is  apt  to  occur.  This  means  that 
the  top  crust  is  pushed  down  and  overlaps  the  side  of  the  slice.  This 
detracts  very  much  from  the  slice  appearance. 

Tlie  desirable  type  of  break  and  shred  is  related  quite  closely  to  flour 
quality,  and  is  one  criterion  used  in  evaluating  flours.  Weak  flour,  or 
flour  improperly  aged  will  fonu  poor  breaks.  The  relation  of  proofing 
and  baking  to  each  other  also  affects  this  characteristic.  Too  little  proof 
will  lead  to  a  large  oven  spring  and  consequently  to  an  undesirable  break 
and  shred.  A  dry  proof  box  and  a  dry  oven  will  also  affect  this  since 
these  conditions  cause  crustiness  before  true  crust  formation  occurs 
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Internal  Characteristics 

The  most  important  internal  characteristic  of  a  loaf  of  bread  is  the 
crumb  structure.  I  he  terminology  is  somewhat  confusing  in  this  area. 

Grain  should  be  defined  as  the  actual  cell  structure  of  the  loaf.  A 
coarse  grain  is  one  in  which  the  cells  are  large  and  the  cell  walls  are  thick. 
A  fine  silky  grain  is  one  in  which  the  cells  are  small,  elongated  rather  than 
round,  and  the  cell  walls  are  thin.  The  cell  structure  affects  the  color  by 
its  effect  on  light  refraction.  A  coarse  grained  slice  will  appear  darker  in 
color  and  a  fine  grain  slice  whiter  even  though  both  loaves  were  made 
from  identical  ingredients. 

Texture  should  be  defined  as  the  smoothness  of  the  crumb  and  is  not  to 
be  determined  by  visual  inspection  but  by  a  sense  of  feel.  A  true  texture 
determination  in  this  sense  is  very  subjective  and  is  difficult  to  define  and 
score  exactly.  It  is  closely  associated  with  grain,  and  in  many  scoring 
systems  there  is  a  tendency  to  use  the  term  “crumb  structure”  and  “gi-ain 
and  texture”  rather  than  attempt  to  measure  both  qualities  individually. 

The  importance  that  the  baker  attaches  to  crumb  structure  is  often 
puzzling  to  a  person  outside  of  the  baking  industry.  It  can  be  said  that 
bread  is  to  be  eaten,  not  looked  at,  and  therefore  why  should  the  baker  be 
so  concerned  about  the  visual  appearance  of  the  crumb  structure.  The 
more  nearly  optimum  the  cell  structure  of  the  loaf,  the  better  the  eating 
qualities  as  affected  by  mouth  feel,  and  the  better  the  keeping  properties. 
An  older  loaf  with  fine  cell  structure  will  have  a  fresher  eating  quality 
than  a  loaf  actually  fresher  in  period  of  time,  but  with  a  coarse  cell 
structure. 

The  internal  characteristics  scored  by  the  American  Institute  of  Baking 
are  as  follows: 

Grain.— Grain  is  affected  by  almost  every  ingredient  and  by  almost  every 
processing  variable.  The  basic  quality  of  the  flour  is  of  utmost  impor¬ 
tance  in  the  production  of  fine  grain.  If  milk  is  used,  the  product  must  be 
adequately  heat  treated.  Improperly  heat  treated  milk  solids  will  de¬ 
velop  a  coarse  cell  structure  in  the  loaf  with  dramatic  effect.  The  type 
of  shortening  used  will  affect  cell  structure.  In  geneial,  the  lowei  melting 
point  shortenings  will  tend  to  give  a  coarse  cell  structure  whereas  the 
higher  melting  fats  will  tend  to  produce  a  fine  cell  structure.  Fermenta¬ 
tion  must  be  optimum.  If  a  bakery  is  producing  bread  of  coaise  cell 
stnicture,  a  variation  in  fermentation  time  is  one  of  the  first  approaches 
made  to  correct  the  condition.  Mixing  is  also  of  very  great  importance. 
Both  under  mixing  and  over  mixing  will  produce  coarse  grain.  I  he  mold¬ 
ing  stage  is  of  t^iually  great  importance.  Good  molding  may  help  offset 
some  previous  faults  in  processing.  Gorrect  baking  conditions  are  "" 
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portanl  to  produce  good  grain,  loo  cool  an  o\'cn  \vill  p(  rmit  too  much 
rise  in  the  oven  and  thus  produce  coarse  cell  structure.  Too  hot  an  oven, 
on  the  other  hand,  will  “set”  the  loaf  before  correct  oven  spring  takes 

place. 

The  experienced  quality  control  chemist  can  make  reasonably  accurate 
deductions  as  to  the  cause  of  grain  faults.  If  there  are  large  holes  present 
and  other  characteristics  are  normal,  the  fault  is  probably  at  the  molding 
stage.  If,  in  certain  areas  of  the  slice,  there  are  matted  cells,  this  may 
suggest  poor  quality  or  inadequate  maturity  of  the  flour.  If  the  cells 
tend  to  be  uniformly  large,  the  mixing  is  probably  too  little  or  too  much. 
This  is  an  extremely  complicated  field,  and  requires  a  great  deal  of  experi¬ 
ence  for  one  to  gi\'e  a  correct  explanation  for  a  bread  fault.  Ev^en  to  the 
experienced  technician,  it  is  often  impossible  to  pinpoint  the  fault,  and  a 
trial  and  error  procedure  in  the  bakery  must  be  undertaken. 

Color  of  Crumb.— Crumb  color  is  affected  by  the  ingredients  and  b\' 
processing.  The  extraction  of  the  flour,  vdth  other  conditions  equal,  will 
affect  the  greyness  or  brightness  of  the  crumb.  Shorter  extraction  flour 
will  give  whiter  and  brighter  crumb  color  and  long  extraction  greyer  and 
fluller  crumb  color.  Color  is  affected  by  the  percentage  extraction  as  dis¬ 
tinct  from  the  actual  ash  content  of  the  flour.  The  creamy  color  of  flour  is 
usually  removed  by  bleaching,  and  the  difference  in  crumb  color  between 
bread  made  with  bleached  and  unbleached  flour  is  easily  detected  visually. 
Excessive  malt,  especially  cereal  malt,  will  develop  a  grey  cast  to  the 
crumb. 

Processing  variations  have  a  great  deal  of  effect  on  crumb  color. 
Streaky  colored  crumb  is  usually  due  to  improper  fermentation  somewhere 
in  the  process.  Mixing  has  an  effect  in  that  properly  developed  crumb 
has  the  most  desirable  color  due  to  the  light  refraction  from  the  cell  walls. 
Improper  time  for  the  first  proof,  that  is  the  proof  before  molding  and 
panning,  has  more  effect  on  color  than  is  often  realized.  If  the  dough  ball 
is  pemiitted  to  expand  too  greatly  before  being  molded,  the  punishment 
it  receives  on  passing  through  the  molder  rollers  is  sufficientb-  great  to 
damage  the  structure  and  to  reflect  this  damage  as  a  change  in  color. 

Aroma.-In  quality  control,  a  check  for  aroma  is  usually  made  to  insure 
the  lack  of  any  type  of  foreign  or  undesirable  odor.  Musty  flour  can  pro- 
c  uce  a  musty  odor  in  the  bread.  Improperly  refined  shortening  or  rancid 
shortening  will  give  a  distinct  aroma.  Excessive  fermentation  or  too  high 
a  temperature  of  fermentation  easily  leads  to  “gassy”  odors.  Foreign  odims 
are  easily  picked  up  by  delicately  flavored  bakery  products.  Cleaners  and 
d  sinfectant.s  are  often  the  source  of  foreign  odor  pick-ups.  Anv  such 
p  oduct  containing  pine  oil  odor  or  a  creosote  derivative  is  especiallv 
aangerous.  Plastic  materials  used  for  shipping  trays  can  lead  to 


620 


HAKERY  tec:hn()ix)(;y  and  en(;inekrin(; 


foreign  odor  prol^leins  if  tlie  plastic  has  not  been  thoronglily  heated  to 
remove  the  solv^ent  odors, 

a  subjective  measurement,  and  consequently 
scoring  of  taste  factors  must  be  done  with  great  care.  In  general,  in 
quality  control,  the  technician  is  interested  in  being  sure  that  no  objec¬ 
tionable  or  foreign  taste  is  present.  The  lack  of  salt  will  give  a  very  flat 
taste.  A  sour  taste  can  be  developed  from  overfermented  doughs.  For¬ 
eign  tastes  can  be  contributed  by  absorption  from  disinfectants  and 
insecticides  as  in  the  case  of  foreign  odors.  Solvents  used  in  printing  inks 
have  been  known  to  cause  foreign  tastes  in  bread. 

Mastication.— Mastication  refers  to  the  “chewability”  of  the  bread.  The 
quality  control  technician  will  look  for  doughy,  dry,  tough,  or  gummy 
characteristics.  Doughy  crumb  is  usually  the  result  of  underbaking. 
Dry  crumb  may  be  due  to  too  much  bake-out,  drying  out  through  the 
wrapper,  or  staling.  Tough  crumb  may  indicate  improper  formula  bal¬ 
ance  especially  a  low  shortening  or  mono-  and  diglyceride  level.  A 
gummy  crumb  may  be  due  to  a  high  alpha  amylase  level  from  cereal  malt 
or  bacterial  amylase.  Fungal  amylase  has  a  thermal  inactivation  point  too 
low  to  cause  gumminess.  Gumminess  can  also  come  from  too  high  a 
monoglyceride  level. 

Texture.— Texture  as  used  in  this  scoring  system  is  determined  by  the 
sense  of  touch,  and  is  affected  by  all  of  the  variables  which  affect  crumh 
structure.  In  this  sense  texture  has  a  limited  connotation.  The  meaning 
of  texture  in  a  broad  sense  refers  to  several  qualities  which  affect  the 
consumer  acceptance  of  the  bread,  and  therefore  texture  in  its  broad 
sense  is  discussed  in  another  section  of  this  chapter. 

CAKE  SCORING 

The  great  variety  of  commercially  produced  cakes  makes  a  single  scoring 
system  impossible  to  apply.  Only  general  characteristics  may  be  dis¬ 
cussed,  and  the  quality  control  technologist  must  establish  the  points  he 

feels  are  important  to  his  company. 

As  in  bread,  scoring  points  ma\'  be  di\  ided  into  external  and  internal. 


External 

The  voluiTie,  or  specific  gravity,  is  of  great  importance,  and  tlie  volume 
of  any  sample  to  be  scored  must  be  checked  against  the  norm  established 

for  that  variety.  ,  ,  , 

The  color  of  the  crust  is  important.  Thick,  dark  crusts  are  objectiona  )  t . 

Spotty  crust  of  non-uniform  color  is  objectionable  to  the  eye.  In  ayei 

cakes  especially,  the  symmetry  of  form  is  important.  The  layers  should  )e 
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even  and  not  have  a  high  center,  or  be  depressed  in  the  center.  Tlie  crust 
should  not  be  blistery,  tough,  nibbery,  or  dry. 

Internal 

The  crumb  structure  is  important.  The  cells  should  be  small  with  thin 
cell  walls.  Stratification,  especially  in  pound  cakes,  is  to  be  avoided. 

Crumb  color  is  an  important  scoring  characteristic.  If  the  cake  is  a 
yellow  cake,  the  intensity  of  yellow  color  should  be  noted.  Coloi  is 
affected  by  crumb  structure,  and  a  fine  crumb  will  give  the  appeal  ance  of 
a  lighter  color. 

Aroma  and  taste  should  be  checked  with  very  careful  consideration 
being  given  to  foreign  odors  and  tastes  since  cake  is  especially  susceptible 
to  absorption  of  foreign  odors  and  tastes. 

A  determination  of  total  moisture  is  important  since  this  factor  has 
considerable  bearing  on  the  shelf  life  of  the  product.  The  optimum  mois¬ 
ture  must  be  established  for  each  type  of  cake. 

Packaging 

Packaging  is  especially  important  in  cake  products,  and  it  is  useful  to 
record  the  type  of  wrapping  material  used  as  to  whether,  for  example, 
it  is  regular  Cellophane,  polymer-coated  Cellophane,  or  other  types  of 
wrapping  material. 

Icings  and  Creams 

The  stability  of  icings  and  creams  is  especially  to  be  noted.  Icing 
that  dries  out  and  becomes  crumbly,  or  conversely  icings  that  become 
sticky  are  undesirable.  Creams  may  break  down  and  become  watery 
without  proper  stabilization.  In  warm  weather,  icings  and  creams  must 
be  watched  for  any  possible  development  of  bacterial  spoilage. 


LOSS  OF  INGREDIENTS  AS  A  RESULT  OF  PROCESSING 

The  fermentation  losses  in  bread  processing  are  of  considerable  signifi¬ 
cance.  In  the  sponge-dough  process  of  bread  manufacture  the  naturally 
occurring  sugar  in  the  flour  (usually  about  one  per  cent)  is  lost  rapidly. 

le  yeast  then  must  utilize  maltose  formed  by  enzymatic  conversion  of 
starch.  Sugar  is  added  at  the  time  the  dough  is  remixed,  and  some  of  this 
sugar  IS  lost  during  the  trougli  fermentation  and  the  proofing  period  and 
even  m  the  early  stages  of  the  oven.  When  the  bread  is  baked,  alcohol 
an  carbon  dioxide  are  lost  and  these  products  constitute  the  end  products 
o  the  fermentation  of  sugar,  either  sucrose  or  dextrose,  and  maltose  as 
c  crived  fioin  starch.  If  a  reducing  sugar  determination  is  made  on  baked 
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bread,  it  usually  runs  2  to  2.5  per  cent  less  than  the  percentage  of  sugar 
added  at  the  dough  stage.  This  figure  is  based  on  a  total  reducing  sugar 
determination,  e.xcepting  lactose,  but  including  maltose. 

The  determination  of  actual  solids  lost  by  fermentation  is  a  tedious 
procedure.  It  may  be  done  in  the  laboratory  by  careful  weighing  of  all 
ingredients  of  known  solids  content,  the  inclusion  of  any  dusting  flour 
pick-up,  pan  grease  pick-up,  etc.,  and  the  total  solids  of  the  original  dough 
are  calculated.  All  the  dough  is  baked  into  bread,  the  bread  is  cooled, 
broken  into  fragments  and  dried.  Total  solids  are  determined  and  com¬ 
pared  with  the  original  total  solids  in  the  dough.  Total  loss  of  solids 
seldom  runs  under  5  per  cent  and  often  reaches  10.0  per  cent.  Perhaps 
7.5  per  cent  is  a  typical  average.  The  extent  of  this  solids  loss  is  not 
usually  realized  by  the  baker  since  it  is  included  in  the  baking  loss.  At 
the  baking  stage  the  volatile  ingredients  formed  by  fermentation  are 
removed. 

Of  the  enrichment  factors,  thiamin  is  the  only  one  affected  to  any  extent 
by  processing.  The  total  baking  loss  of  thiamin  will  average  about  ten 
per  cent  but  this  percentage  figure  varies  according  to  the  size  of  the 
loaf  and  the  degree  of  baking.  Thiamin  is  stable  or  only  slightly  affected 
in  the  core  of  the  loaf,  affected  to  a  greater  extent  in  the  intermediate 
part  between  the  core  and  the  crust,  and  is  most  seriously  affected  in  the 
crust  areas.  If  the  slice  areas  are  divided  into  three  parts  as  may  be  done 
for  moisture  determination  in  the  various  slice  areas,  it  will  be  found 
that  thiamin  losses  follow  the  same  trend  as  baking  loss  of  moisture. 

A  collaborative  unpublished  study  among  the  baking  laboratories  in 
the  New  York  area  in  1950  showed  the  following: 

Mg.  Thiamin  Hydrochloride  per  Lb. 

Dry  Basis 

Core  of  loaf  2.19 

Entire  loaf  1*92 

In  addition  to  sugar  loss  by  fermentation,  starch  loss  by  conversion  to 
fermentable  sugar  and  consequent  fermentation,  and  loss  of  thiamin  in 
baking,  there  is  some  loss  in  nutritive  value  of  protein.  Lysine  is  destroyed 
in  the  crust  of  bread  to  a  limited  extent.  The  entire  protein  may  also  be 
affected  by  browning  reactions  occurring  in  the  crust  areas.  Baking  losses 
due  to  protein  inactivation  as  measured  by  rat  growth  tests  suggest  that  the 
loss  is  in  the  area  of  ten  per  cent.  It  is  the  usual  practice  in  prepaiing 
bread  for  animal  tests  to  dry  it  to  approximately  seven  per  cent  moisture 
and  prepare  crumbs.  Crumbs  are  easily  handled  in  formulation  of  diets. 
Unpublished  evidence  is  presently  available  which  indicates  that  further 
protein  inactivation  takes  place  in  this  drying  stage,  even  though  it  is 
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done  at  room  temperature,  and  presumably  is  a  result  of  reducing  sugar 
reacting  with  protein  or  in  other  words,  the  browning  reaction.  This  is  an 
area  in  which  much  work  might  be  done  with  profit  to  the  baking  industry. 

The  multiplication  of  yeast  cells  during  a  dough  fermentation  requires 
a  source  of  nitrogen.  One  function  of  ammonium  salts  in  dough  condi¬ 
tioners  is  to  furnish  a  readily  available  nitrogen  supply.  The  growing 
yeast  also  attacks  amino  acids  and  lower  polypeptides  as  shown  by  Baker 
(1957).  These  de-aminized  products  are  an  important  source  of  bread 
flavor.  Very  important  work  in  this  field  has  been  done  by  the  American 
Institute  of  Baking  and  reported  by  Wiseblatt  (1957).  Whether  or  not 
amino  acid  de-aminization  by  yeast  and  reincorporation  in  the  yeast  cell 
is  of  nutritional  significance  to  the  finished  bread  is  not  known.  The 
magnitude  of  this  change  is  not  large  and  therefore  the  nutritional  sig¬ 
nificance  is  probably  not  of  consequence. 


FILTH  TESTS  AND  THEIR  INTERPRETATION 

The  Federal  Food  Drug  and  Cosmetic  Act  defines  a  food  as  adulterated 
if  it  consists  in  whole  or  in  part  of  any  filthy,  putrid  or  decomposed  sub¬ 
stance  or  if  it  has  been  prepared,  packed  or  held  under  unsanitary  condi¬ 
tions  where  it  may  have  become  contaminated  with  filth.  It  is  generally 
understood  that  the  term  filth  here  stated  refers  to  contamination  bv  in- 
sects  or  their  fragments  and  to  insect  and  rodent  excreta.  It  certainly  re¬ 
fers,  in  addition,  to  the  more  obvious  types  of  inanimate  foreign  materials. 
The  main  concern  here,  however,  is  the  former  contamination. 

In  the  baking  industry  the  prime  ingredient  is  flour  and  it  is  this  in¬ 
gredient  that  requires  careful  control  of  filth  contamination.  This  con¬ 
trol  is  not  necessitated  because  flour  is  handled  in  any  less  sanitary  way 
than  other  ingredients.  In  fact,  flour  handling  in  the  mill  and  in  the 
bakery  has  made  rapid  strides  in  recent  years  with  respect  to  sanitation. 
The  control  is  required  by  virtue  of  the  bulk  of  material  used  and  the  fact 
that  wheat  and  flour  provide  excellent  harborage  and  food  supplies  for 
rodents  and  a  relatively  wide  variety  of  insect  life.  Contamination  can 
occur  m  the  wheat  field,  in  storage  before  and  after  milling,  in  transporta¬ 
tion  or  the  flour  and  in  the  bakerv. 

Ingredients,  other  than  flour,  can  also  introduce  extraneous  matter  to 
le  bakers  products.  Some  of  these  materials,  notably  spices,  are  often 
high  m  insect  fragment  counts.  Fortunately  they  are  used  at  low  levels 
n  the  finished  product.  The  relatively  high  contamination  level  of  this 
ype  product  IS  almost  entirely  the  result  of  conditions  prevalent  in  the 
harvesting,  drying,  storage  and  shipment  of  the  material.  In  addition  to 
.spices  some  degree  of  contamination  may  be  introduced  bv  cocoa  and 
cocoa  products,  dried  egg  yolk,  and  dried  fruits.  ' 
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The  methodology  of  determination  of  the  nature  and  extent  of  filth 
contamination  is  as  varied  as  the  number  of  products  in  which  the  matter 
IS  found.  Detailed  descriptions  of  these  procedures  can  be  found  in 
standard  analytical  texts  such  as  the  Official  Methods  of  Analysis  of  the 
AOAC  and  Cereal  Laboratory  Methods.  In  addition  Kurtz  and  Harris 
(1955)  have  compiled  an  extensive  bibliography  of  various  procedures 
studied  during  the  period  1946-1954.  In  general  the  procedures  involve 
digestion  of  the  material  by  either  enzyme  or  acid,  flotation  of  the  con¬ 
taminants  in  mineral  oil,  castor  oil,  gasoline,  etc.,  separation  of  the  non- 
aqueoiis  layer,  trapping  of  the  extraneous  matter  on  filter  paper  and 
microscopic  examination  of  the  residue.  Upon  examination,  a  trained 
microscopist  can  frequently  identify  an  insect  from  a  small  fragment. 

Identification  of  a  fragment,  although  not  vital  for  routine  gross  counts, 
can  be  very  useful  in  determining  the  origin  of  the  contamination.  If,  for 
example,  the  majority  of  insect  fragments  in  a  flour  sample  are  finely 
ground  it  is  obvious  the  insects  gained  entrance  before  milling.  It  does 
not  follow,  however,  that  the  contamination  occurred  in  mill  storage  since 
it  could  also  have  occurred  in  the  field.  In  their  extensive  reports  on  this 
subject  Kurtz  and  Harris  have  pointed  out  that  field  contamination  will 
usually  be  from  the  granary  or  rice  weevils,  the  flat  grain  beetle,  the 
sawtooth  grain  beetle  and  the  lesser  grain  borer.  On  the  other  hand, 
contamination  originating  at  the  mill  will  more  likely  include  the  confused 
and  rust  red  flour  beetles  or  the  Mediterranean  and  Indian  meal  moths. 

The  presence  of  whole  insects  or  large  fragments  indicates  that  con¬ 
tamination  originated  after  milling  either  in  transportation  or  at  the 
bakery.  The  presence  or  absence  of  live  larvae  or  large  larval  fragments 
plus  a  knowledge  of  the  life  cycle  of  the  insect  can  shed  further  light  on 
the  origin  of  the  extraneous  matter.  In  post  milling  contaminations  the 
most  likely  trouble  spots  are  areas  in  equipment  where  even  a  few  grams 
of  flour  can  be  pocketed  and  by-passed  by  subsequent  material  flow. 
Sharp  curves  and  crevices  in  enclosed  flour  handling  and  transpoitation 
systems,  corners  in  sifting  equipment,  and  flour  dust  build-up  on  machin¬ 


ery  are  examples  of  these  troid^le  spots. 

Insect  and  rodent  excreta  constitute  another,  and  perhaps  the  most 
objectionable  filth  contaminant.  The  presence  of  such  material  is  always 
indicative  of  a  poor  sanitary  history  of  the  product.  Most  common  of 
the  pests  contributing  fecal  contamination  in  food  products  aie  the  cock 
roach,  mouse,  and  rat.  Differentiation  of  roach  and  rodent  feces  cannot  be 
made  effectively  on  a  basis  of  size.  The  rodent  excreta,  however,  can  be 
identified  by  the  presence  of  characteristic  hairs  having  a  discontinuous 
medulla.  There  is  some  similarity  between  certain  types  of  cat  and  rodent 
hair  but  the  identification  can  almost  always  be  made,  ceitain  y  w  len  t  le 
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original  feces  are  present.  Conversely,  the  presence  of  rodent  hair  frag¬ 
ments  in  a  digested  sample  prepared  for  analysis  is  very  strong  evidence 

of  excreta  in  the  original  sample.  ,  >  n:  i.- 

The  incidence  of  rodent  contamination  in  flour  with  todays  eftec  ive 

packaging  and  total  enclosed  bulk  handling  systems  is  very  low.  The 
slight  contamination  that  does  exist  is  most  probably  pre-milhng  in 
occurrence.  Other  ingredients,  and  again  particularly  spices,  still  show 
significant  levels  of  rodent  contamination  on  occasion.  Needless  to  say, 
this  contamination  can  occur  in  or  near  the  bakery  or  any  food  handling 
establishment  unless  very  careful  sanitation  control  is  maintained. 


TEXTURE— CONCEPT  AND  MEASUREMENT 

In  common  bakery  terminology,  in  the  scoring  rooms,  and  even  in  the 
responses  of  the  consumer,  the  inference  is  almost  always  one  of  singu¬ 
larity  when  speaking  of  texture.  This  is  certainly  not  the  case.  The  term 
texture  as  related  to  bread  is  not  an  entity  in  itself  but  rather  the  accumu¬ 
lated  affect  of  several  characteristics.  Appearance,  feel  to  the  touch,  soft¬ 
ness  and,  finally,  mouth  feel  all  contribute  to  the  concept  of  texture  in 
its  broad  sense. 

Appearance  is  the  first  factor,  at  least  chronologically,  in  the  apprecia¬ 
tion  of  bread  texture.  The  size,  shape  and  distribution  of  the  cells  are 
of  prime  importance.  Ideally  the  cells  should  be  comparatively  small, 
slightly  elongated  or  oval  and  evenly  distributed  over  the  surface  of  a 
well  cut  slice.  Large  cells  produce  an  obvious  coarseness  to  the  eye  while 
the  pockets  of  shadow  which  they  cause  tends  to  impart  a  grey  cast  to 
the  crumb  color.  If  the  larger  pores  tend  to  fall  in  any  sort  of  ordered 
pattern  the  overall  effect  can  be  one  of  streakiness.  This,  of  course,  is 
also  true  of  highly  compacted  cell  areas  resulting  from  improper  molding, 
excessi^'e  or  improper  use  of  dusting  flour  and  other  similar  processing 
defects.  Some  of  the  newer  continuous  type  baking  processes  produce  a 
cell  structure  which,  in  terms  of  uniformity,  approaches  perfection. 
\\'hether  or  not  this  degree  of  uniformity  is  to  be  desired  can  be  argued. 
The  resultant  texture  is  almost  cake-like  in  appearance.  Although  pleasing 
to  the  eye  this  structure  has  a  note  of  artificiality  in  bread  in  much  the 
same  way  that  a  machine  made  ceramic  suffers  a  loss  of  charm  and  appeal 
which  IS  inherent  in  the  hand-tooled  object.  This  is  a  factor  which  is  re¬ 
lated  to  the  public’s  conception  of  what  bread  should  be. 

In  a  more  practical  and  less  esthetic  sense  the  appearance  of  the  crumb 
can  yield  important  quality  control  information.  The  presence  of  signifi¬ 
cant  numbers  of  over  sized  cells  or  holes  points  to  poor  fermentation  and 
mixing  control  or  low  quality  gluten  with  insufficient  mixing  tolerance 
An  ovemnxecl  flour  will  result  in  weak  cell  walls  which,  undfr  the  pre": 
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sure  oi  fermentation,  will  break  down  allowing  the  formation  of  larger 
cells.  Too,  the  effect  is  frequently  the  result  of  old  doughs  or  excessive 
proofing.  The  nature  of  the  cell  walls  as  well  as  the  cellular  size  is 
significant.  Heavy  walls,  which  contribute  to  coarseness,  occur  when  the 
gluten  is  not  developed  to  the  optimum  extent  or  when  fermentation  is 
subnormal  as  in  young  doughs.  On  the  other  hand,  over  mixing,  long 
fermentation  or  gluten  of  poor  quality  will  result  in  very  thin  cell  walls 


I 
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Fig.  195.  Bakeh  Compressimeteh 


which  detract  markedly  from  the  characteristic  appearance  of  a  well 
made  loaf.  Well-processed  loaves  will  produce  a  crumb  character  which 
is  not  only  pleasing  to  the  eye  but  soft,  silky  and  inviting  to  the  touch. 

Softness,  or  yield  of  the  crumb,  must  be  considered  an  important  pait 
of  bread  texture.  Certainly,  in  commercial  bread  production,  as  much 
emphasis  is  placed  upon  the  development  and  retention  of  a  soft  crumb 
as  upon  any  other  single  characteristic.  The  mono-  and  diglycendes  of 
naturally  occurring  fatty  acids  such  as  stearic,  oleic  and  palmitic  are 
extremely  important  in  softness  retention.  These  materials  are  capab  e 
of  significantly  extending  the  time  during  which  the  bread  remains  ac¬ 
ceptable  to  the  consumer  from  a  softness  viewpoint.  This  is  vital  since 
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softness  is  the  texture  factor  most  readily  appreciated  by  the  consumer 
and  the  only  one  detectable  in  the  unopened  package.  Consequently,  it 
affects  point  of  purchase  consumer  acceptance.  When  the  housewife 
squeezes  the  packaged  loaf  it  must  respond  with  a  definite  softness  and  yet 
possess  the  resiliency  to  gradually  return  to  its  normal  shape.  Inciden¬ 
tally,  the  nature  and  condition  of  the  packaging  material  contributes 
markedly  to  the  apparent  texture  qualities  at  this  point. 

Once  the  loaf  is  accepted  and  opened,  the  softness  of  each  slice,  par¬ 
ticularly  in  the  longitudinal  direction  of  the  loaf,  becomes  the  dominant 
texture  factor.  Here  again  the  crumb  must  demonstrate  yielding  softness 
without  permanent  distortion.  Mellowed,  well  distributed  gluten  lattices 
and  uniform  cellular  pattern  will  usually  accomplish  this  end.  As  the 
bread  ages  the  crumb  is  subject  to  deterioration  of  its  softness  qualities. 
Firming  begins  with  concurrent  onset  of  crumbliness.  These  physical 
changes,  generally  attributed  in  large  part  to  the  retrogradation  of  starch 
to  a  crystalline  structure,  are  not  preventable  by  the  baker.  His  only  re¬ 
course  is  to  retard  them  by  a  balance  of  formula  and  careful  attention  to 
processing  techniques.  Assuming  the  bread  is  produced  under  optimum 
fermentation,  make-up  and  baking  conditions  from  good  quality  raw 
materials  the  rate  of  deterioration  of  softness  qualities  can  be  reduced  by 
incorporation  of  emulsifiers  and  amylolytic  enzymes,  cooling  and  wrap¬ 
ping  procedures  which  will  maintain  37  to  38  per  cent  moisture  levels  in 
the  delivered  bread,  and  avoidance  of  chilling  temperatures  during  han¬ 
dling  and  distribution  of  the  finished  loaves. 

Finally  texture  involves  the  mouth  feel,  or  bite  tenderness,  of  the  sliced 
bread.  In  this  factor  the  crust  shares  equal  importance  with  the  crumb. 
A  leathery  or  dried  out  crust  will  seriously  detract  from  the  tactile  quali¬ 
ties  of  the  bread  on  eating.  These  effects  result  in  large  measure  from 
erratic  or  improperly  controlled  migration  of  free  water  from  the  core  to 
the  crust  and  between  the  crust  and  the  atmosphere. 

The  crumb,  instead  of  being  tender  and  short,  may  display  the  unde¬ 
sirable  characteristics  of  firmness  and  crumbliness,  due  to  normal  staling 
processes,  premature  dryness  because  of  inadequate  moisture  protection 
or  gumminess  frequently  resulting  from  poor  processing  or  excessive  and 
improper  use  of  enzyme  additives.  All  of  these  factors  are  important  in 
maintaining  continued  consumer  preference  for  a  particular  product. 

Objective  Measurement 

The  nature  of  texture  as  defined  here  is  highlv  complex  It  is  not  a 
function  of  any  one  variable  constituent  or  phvsical  pronertv  Tu  W 
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of  cicciiracy.  Since  these  factors  are  those  most  readily  discemible  by 
the  consumer,  their  measurement  is  a  valuable  tool  in  quality  control. 

The  most  prevalent  measurement  of  crumb  softness  is  based  upon  the 
principle  of  compression  under  controlled  load.  There  are  two  instru¬ 
ments  in  widespread  use  for  this  puipose;  the  Baker  Compressimeter  and 
a  modification  of  the  Precision  Universal  Penetrometer  originally  de¬ 
signed  for  asphalt  and  grease  testing. 

The  Baker  instrument  is  a  compound  lever  device  reading  in  terms  of 
both  stress  and  strain.  Each  of  these  forces  is  independently  variable  and 
capable  of  being  held  in  any  position.  Force  is  applied  by  a  motor 
through  the  lever  system  to  a  coil  spring  and  thence  to  the  test  piece 
by  means  of  a  plunger.  Either  the  deformation  of  the  bread  under 
constant  load  or  the  load  required  to  cause  a  constant  deformation  may 
be  measured. 

The  Penetrometer  is  simpler  in  principle.  It  consists  essentially  of  a 
vertical  shaft,  attached  to  a  plunger,  on  which  various  dead  weight  loads 
can  be  placed.  A  dial  gauge  reads  vertical  movement  of  the  shaft  in 
tenths  of  a  millimeter.  Although  the  instrument  can  be  adapted  to  de¬ 
termine  constant  deformation  under  variable  load  it  is  much  more  suitable 
for  detecting  amount  of  deformation  under  constant  load.  The  conical 
plunger  used  on  the  instrument  in  asphalt  work  is  replaced  by  one  with 
a  flat  contact  surface. 

The  relative  merits  of  the  instruments  and  methods  used  in  determining 
crumb  softness  have  been  the  subject  of  many  reports.  Plungers  have 
been  used  in  both  round  and  square  patterns.  Samples  have  ranged  from 
thick,  hand  cut,  full  size  slices  to  prisms  smaller  than  the  plunger’s  di¬ 
mensions.  Determinations  have  been  made  with  both  constant  load  and 
constant  deformation.  Sliced  samples,  especially  machine  cut,  have  the 
advantage  of  being  convenient  and  uniform  and  to  some  extent  of  pro¬ 
viding  enough  space  to  make  more  than  one  reading  per  sample.  The 
prism  samples,  however,  eliminate  extraneous  forces  such  as  shear  and 
tension  at  the  contact  area,  particularly  when  the  sample  size  does  not 
exceed  that  of  the  plunger.  The  technique  of  measurement  has  been 
extensively  studied  by  Bice  and  Geddes  (1949)  Crossland  and  Favor 
(1950),  and  others.  These  workers  found  in  the  fixed  defonna  ion 
method  advantages  of  increased  accuracy  and  significance  of  data.  Wliile 
this  techniciue  is  more  practical  with  the  versatile  Baker  mstrumen 
than  with  the  Penetrometer,  the  latter  has  the  advantage  of  mechanical 
and  operational  simplicity.  When  used  with  a  constant 
the  two  instruments  are  in  good  agreement.  I  hompson 
(19.50)  found  a  correlation  between  them  with  a  deviation  of  only  1.3  pn 

cent. 
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Neither  system  of  softness  measurement  gives  an  exact  comparison  witli 
tlie  “squeeze”  test  used  by  the  liousewife.  The  wrapper  has  an  appreci¬ 
able  effect  on  the  “squeeze”  test.  If  the  loaf  is  thin  sliced,  it  will  give  a 
softer  “scpieeze”  test  than  a  loaf  with  thicker  slices.  The  thiekness  and 
character  of  the  crust  is  measured  by  the  “squeeze”  test  but  often  does 
not  affect  the  softness  determination  by  a  compressimeter.  A  number  of 
machines  have  been  made  and  are  in  use  at  present  which  simulate  to 
various  degrees  the  housewife’s  “squeeze”  test,  but  this  developmental 
work  is  now  in  an  active  stage  and  no  definite  results  are  available. 


Sensory  Tests 


Sensory  or  organoleptic  testing  is  of  importance  in  any  quality  control 
program.  In  the  scoring  of  bread  and  cake  the  taste  and  aroma  are  im¬ 
portant  rating  points.  In  addition,  the  technician  must  always  be  alert 
for  any  type  of  foreign  odor  or  taste.  A  sensory  test  is  a  personal  reac¬ 
tion  and  a  single  judgment  can  be  markedly  affected  by  the  subject’s  well 
being  at  the  time  of  the  test.  Environmental  conditions  often  affect  the 
sensitivity  of  the  test.  The  opinion  of  one  person,  no  matter  how  expert, 
is  not  statistieally  projectable  because  of  the  subjective  nature  of  the  test. 
A  panel  test  becomes  important,  therefore,  when  any  change  in  formula 
and  processing  is  involved. 

A  small  expert  panel  is  of  value  in  testing  a  fonnula  variation  or  perhaps 
a  change  in  type  of  flavoring  material.  If  a  product  has  consumer  accept¬ 
ance  it  is  important  that  any  change  in  flavor  be  so  slight  as  not  to 
change  its  characteristics.  The  expert  panel  can  determine,  with  reason¬ 
able  accuracy,  whether  or  not  the  change  can  be  detected.  If  it  is  felt 
that  the  change  is  an  improvement,  it  should  always  be  checked  by  a 
consumer  panel  of  some  type. 


In  industry  four  methods  of  expert  panel  testing  have  been  used.  These 
may  be  summarized  as  follows: 

Single  Stimulus.-The  problem  is  for  the  subject  to  distinguish  between 
Sample  A  and  B.  Sample  A  is  presented  several  times  in  succession 
Then  Sample  A  and  B  are  presented,  each  singly,  and  in  random  order 
The  subject  is  asked  to  judge  whether  any  test  sample  was  A  or  nof-A 
Since  a  score  of  50  per  cent  can  be  attributed  to  chance,  the  final  score 

‘'ent  to  indicate  a  definitive  choice 
faffmann  (1935)  reports  that  the  single  stimulus  method  has  been  found 
to  be  very  efficient  for  simple  discrimination  tests 
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Courtesti  of  Precision  Scientific  Co. 

Fig.  196.  Precision  Compressimeter 

Duo-Trio.-Three  samples  are  presented  simultaneously.  The  subject 
tests  them  in  left  to  right  order  and  reports  whether  the  second  or  third 
was  like  the  first.  The  four  possible  combinations,  ABA,  AAB,  BAB, 
and  BBA  are  tested  in  random  order.  A  score  of  50  per  cent  may  be  due 
to  chance.  A  variation  is  to  present  the  subject  with  two  different  samples. 
After  testing  he  is  then  given  a  third  which  is  the  same  as  one  of  the  two 
already  tested.  The  subject  then  identifies  the  third  sample  as  either 
No.  1  or  No.  2.  In  this  variation,  also,  a  score  of  50  per  cent  may  be 

attributed  to  chance. 

Triangle.-This  method  differs  from  the  Duo-Trio  in  two  respects.  Ihe 
subject  tests  the  samples  in  any  order  and  is  asked  to  report  the  o 
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sample  which  might  be  in  any  of  the  three  positions.  In  this  test,  a  score 
of  331 A  per  cent  mav  be  attributed  to  chance. 

The  triangle  procedure  has  become  the  most  generally  accepted  ot 
these  procedures.  This  type  of  testing  has  a  greater  sensitivity  when  the 
dimension  to  be  identified  can  be  specified.  If,  for  example,  two  vanilla 
flavors  are  being  checked  in  cake,  the  subjects  are  asked  first  to  select  the 
stronger  of  the  two  flavors.  With  this  specific  dimension  identified,  a 
more  accurate  and  meaningful  selection  can  be  made.  The  strength 
levels  of  the  two  flavors  may  then  be  adjusted  and  a  second  triangle  test 
made  with  the  subjects  being  asked  to  select  on  the  basis  of  quality  01 
character  of  flavor. 


PANEL  TESTING 

A  panel  test  is  also  important  as  a  preliminary  procedure  for  large  scale 
consumer  testing.  This  is  illustrated  in  the  report  by  Bell  (1956). 
Twenty-four  white  bread  formulas  were  developed  by  the  American  In¬ 
stitute  of  Baking  in  conjunction  with  the  Bakery  Research  Council  of  the 
Department  of  Agriculture.  Obviously,  a  consumer  test  using  24  different 
samples  would  be  unwieldy.  A  panel  screening  test  was  established  to 
determine  the  significant  difference  between  these  24  formulas.  From 
this  group  of  24  formulas,  seven  were  selected  by  the  screening  panel  as 
being  mutually  discriminable.  Since  seven  formulas,  however,  were 
too  many  for  a  consumer  perference  panel,  five  were  selected  for  the  first 
consumer  test. 


Consumer  Panel  Testing 

Consumer  panel  testing  is  perhaps  the  most  important  procedure  in  a 
research  program  developed  to  test  consumer  acceptance  and  at  the  same 
time  is  one  of  the  most  difficult  methods  to  formulate  and  evaluate.  The 
expert  panel  is  of  the  utmost  value  to  the  food  industry,  but  the  preference 

of  such  a  panel  must  frequently  be  audited  by  a  statistical  check  with 
consumer  sampling. 

The  methods  of  consumer  panel  testing  may  be  divided  into  two  general 
types:  Mass  panel  survey,  and  household  responses.  A  mass  survey  is 
usually  conducted  at  some  large  public  gathering  such  as  a  fair,  or  in  a 
■senes  of  supennarkets.  Paired  samples  are  presented  in  random  order  to 
le  participants.  A  score  card  is  usually  given  with  the  samples.  Such 
testing  IS  more  rapid,  allows  for  better  control  of  variables,  and  is  less 
costly  per  individual  test  than  liouseliold  consumer  testing.  The  criticisms 
of  rnass  testing  are  that  the  subject  is  usually  in  a  hurry,  the  environmental 
conditions  bear  no  relation  to  the  usual  conditions  under  which  food  is 
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consumed,  and  at  mealtime  other  foods  are  eaten  at  the  same  time  as  the 
test  foods. 

Valdes  and  Roessler  ( 1956 )  point  out  that  in  household  consumer  test¬ 
ing  it  is  important  to  avoid  conditions  which  force  an  immediate  and 
hasty  decision.  The  question  of  whether  the  subject  should  test  two 
products  or  only  one  is  an  extremely  difficult  one  to  evaluate.  With  a 
single  pioduct  under  consideration,  the  test  becomes  a  memory  compari¬ 
son  based  on  previous  experience,  but,  on  the  other  hand,  such  is  the  real 
world.  One  seldom  buys  two  similar  products  of  different  brands  and 
makes  a  comparison  test  in  the  home,  \^d^en  two  products  are  test  paired 
there  is  a  tendency  to  magnify  differences  which  may  not  be  of  any  real 
significance. 

Consumer  panels  may  be  selected  at  random  from  those  willing  to 
participate  in  a  specified  area.  Even  this  willingness  to  participate  can 
inject  an  element  of  bias  into  the  test.  The  income  levels,  the  educational 
standing,  and  the  racial  type  of  the  panel  is  selected  with  the  type  of 
market  that  the  product  may  be  expected  to  reach.  A  luxury  product 
would  not  be  tested  in  an  area  of  low  incomes.  In  the  previously  de¬ 
scribed  report  by  Bell,  300  households  were  chosen  in  Rockford,  Illinois, 
by  selecting  three  households  in  every  block  through  RIO  blocks.  Five 
different  bread  formulas  were  under  test.  One-fifth  of  the  households 
received  one  of  the  five  breads  each  week.  The  tests  ran  for  five  consecu¬ 
tive  weeks  so  that  each  household  would  have  experience  with  all  five 
breads.  The  sixth  week  each  household  received  the  same  bread  as  it  had 
received  the  first  week  for  the  purpose  of  checking  the  reliability  of  the 
testing  procedure.  An  interview  was  conducted  with  the  homemaker  in 
each  panel  household.  The  respondents  were  instructed  to  make  a 
hedonic  rating  when  they  first  tasted  or  ate  the  bread  and  to  eat  the  bread 
plain  befor  arriving  at  their  conclusions.  This  hedonic  rating  scale  was 
furnished  for  each  test  bread  rated  from  “Like  extremely”  to  “Dislike 
extremely.”  In  addition  to  the  rating  scale,  total  consumption  was  de¬ 
termined  by  counting  the  slices  of  bread  not  used  during  the  test.  Any 
bread  not  used  for  eating  purposes  was  not  included  in  the  consumption 
figures. 

Of  the  five  breads  under  test,  three  received  the  same  preference  rating 
during  the  sixth  week  as  during  the  first  week  of  the  test.  This  was  a  very 
good  reproducibility  of  the  preferences.  Two  breads,  however,  received 
significantly  higher  preference  rating  in  the  sixth  week  than  m  the  first 
week.  The  authors  stated  “The  conclusion  to  be  drawn  here  is  that,  after 
the  first  week,  experience  with  the  other  breads  through  the  remaining 
four-week  test  period  influenced  opinion  about  these  two  breads  so  as 
to  elevate  preferences  for  them.’ 
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Tl.is  cons,,,™-.-  tost  co,uU,ctccl  l>y  the  Depaitniont  of  ARricultme  with 
the  assistance  of  the  American  Institute  of  Baking  and  the  Bak^p’  Bfsenrch 
Council  is  one  of  the  most  comprehensive  ever  made.  The  hnclmgs 

indieated  the  following: 


“(1)  Increasing  the  specific  volume  of  bread  from  7  to  10  cubie  inches 
per  ounce,  making  a  lighter,  fluffier  bread,  resulted  in  a  significant 

increase  in  preference  for  the  bread. 

(2)  Increasing  the  sucrose  content  from  2  to  7  per  eent  resulted  in  a 

significant  increase  in  preference. 

(3)  Inclusion  of  four  per  cent  of  nonfat  milk  solids  increased  the 
preference  for  the  bread  signifieantly  as  compared  with  biead 
containing  no  milk  solids;  but  a  further  increase  in  content  to 
eight  per  cent  did  not  ha\'e  a  signifieant  effect. 

(4)  Increasing  the  lard  content  from  3  to  5  per  cent  did  not  signifi- 
canth'  affect  preferences. 

(5)  The  pattern  of  preference  for  the  e.xperimental  breads  was  not 
related  to  the  socio-economie  characteristics  of  the  respondents. 


This  study  illustrates  an  interesting  sequence  of  events.  The  formula 
variations  were  selected  by  a  committee  representing  most  major  baking 
companies.  The  24  formulas  were  subjected  to  an  expert  panel  for  the 
purpose  of  selecting  which  of  the  formulas  had  significant  differences 
among  them.  Then  these  formulas  were  tested  by  a  household  consumer 
panel  to  determine  preferences.  The  expert  panel  had  not  been  asked  to 
give  actual  preferences;  only  differenees. 

Pangborn  ef  al.  (1958)  reported  on  a  comparison  of  mass  panel  tests, 
a  laboratory  panel  test,  and  household  panel  tests  in  two  geographical 
areas.  This  is  one  of  the  few  comprehensive  tests  whieh  compare  all  three 
types  of  panels.  The  problem  was  consumer  response  to  sugar  and  eitric 
acid  levels  in  canned  cling  peaches.  \\  hen  judged  by  mass  survev  tech¬ 
niques,  the  thiee  samples  under  test  were  almost  ecpially  well  liked.  At 
the  household  le\'el,  the  California  panel  and  the  midwestern  panel 
demonstrated  a  significant  preference  for  the  high  sugar  and  high  citric 
acid  sample.  The  laboratory  panel  referenee  did  not  predict  either  the 
results  of  the  mass  consumer  panel  or  the  household  panels.  This  result 
although  it  did  not  involve  bakery  products,  is  illustrative  of  the  com¬ 
plexity  of  the  consumer  testing  problem. 

Many  large  food  companies  maintain  permanent  consumer  test  panels 
Honseholds  are  selected  by  geographical  location,  income  scale,  and  other 
pertinent  factors.  Often  there  is  a  waiting  list  of  households  who  wish  to 
lom.  1  aired  samples  are  sent  to  the  households  for  testing.  Responses 
are  usually  excellent  since  the  subjects  do  receive  free  gifts  of  food  prod- 
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IIHS.  Tliis  type  „(■  tosiiMf;  is  si.hjVcl  1„  I),,.  cU-siio  of  tlio  irspoiuU-nt  I,, 
please  and  not  to  hi*  too  critical  of  the  products  under  test.  Some  students 
of  this  type  of  test  feel  that  new  hlood  must  be  injected  constantly  into  the 
group  even  more  rapidly  than  the  normal  mortality  rate  due  to  change  of 
residence  and  other  factors.  Newer  members  of  the  panel  have  been 
shown  to  be  more  critical  and  more  constructive  with  their  suggestions. 

Another  function  of  a  consumer  panel  is  the  “positioning”  of  a  new 
product.  For  example  a  baker  might  consider  a  new  type  of  bread.  This 
could  be  distributed  to  a  household  panel  with  the  request  that  the 
respondents  reply  as  to  whether  the  bread  was  used  for  toast,  sandwiches, 
or  for  regular  use  at  meals  untoasted.  If,  for  example,  most  of  the  bread 
was  being  used  for  toast,  then  the  formulation  of  the  product  for  the  pro¬ 
duction  of  the  best  possible  toast  w'ould  be  made.  Hence  this  new  type 
of  bread  would  be  “positioned”  as  a  product  for  toast  for  breakfast. 


Bakery  products  with  their  limited  shclflifc  arc  more  difficult  to  subject 
to  a  household  consumer  panel  than  other  types  of  products  which  are  less 
perishable.  A  development  pattern  for  ne^^'  products,  or  for  a  significant 
change  in  an  old  product,  normally  would  follow  the  course  of  expert 
panel  testing,  a  small  household  consumer  panel  which  would  furnish 
significant  criticism  on  fla\’or,  packaging,  and  keeping  qualities,  and  then 
a  market  test  in  a  selected  area.  The  market  test  is  a  straightforward 
merchandising  program.  No  paired  testing  is  invoh^ed.  A  good  product 
may  fail  its  first  market  test  due  to  pricing,  packaging,  poor  advertising 
and  merchandising,  but  usually  some  indication  of  where  the  fault  is  can 
be  determined. 

Sensory  testing  is  one  of  the  most  complex  elements  in  quality  control. 
Developments  in  the  field  are  constantly  being  introduced.  Flavor  Re¬ 
search  and  Food  Acceptance  (Anon.  1958)  and  Food  Acceptance  Testing 
Methodology  (Anon.  1954A)  are  excellent  sources  for  information  in  this 
difficult  field. 
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CHAPTER  24 


James  M.  Doty 


The  Bakery  Laboratory 


INTRODUCTION 

Many  questions  arise  when  a  bakery  considers  the  advisability  of  in¬ 
stalling  a  laboratory.  When  is  a  laboratory  warranted?  What  size  should 
the  laboratory  be  for  a  bakery  or  bakeries?  What  report  forms  should  be 
used  and  how  should  reports  be  interpreted?  What  is  the  relationship  of 
laboratory  to  production,  to  the  sales  department,  to  management?  What 
commercial  laboratories,  routine  and  research,  are  available?  What  are 
the  personnel  requirements? 

Successful  laboratories  are  operating  with  one  man  and  with  one 
hundred  men;  therefore  the  requirements  of  the  bakery  are  one  factor, 
and  the  amount  of  money  that  can  be  allocated  to  the  laboratory  each 
month  is  another  factor. 

For  a  laboratory  to  produce  its  best  results,  capable  personnel  are 
necessary.  Competent  men  are  both  scarce  and  costly.  For  this  reason, 
laboratory  monthly  costs  must  be  calculated  realistically  with  an  explora¬ 
tion  of  the  definite  salary  requirements  of  capable  personnel. 


WHEN  IS  A  LABORATORY  NECESSARY? 

A  laboratory  is  necessary  whenever  a  bakery  has  sufficient  testing  to 
be  done  to  warrant  the  cost  involved.  This  can  be  detemiined  by  learning 
the  cost  for  the  required  number  of  tests  from  a  moderately  priced  com¬ 
mercial  laboratory.  If  the  tests  cost  more  per  month  than  the  cost  of 
operating  a  bakery  laboratory,  then  a  bakery  laboratory  is  warranted. 

In  calculating  costs,  it  is  vital  that  the  number  of  tests  per  man  hour  be 
calculated  expertly  and  accurately.  Costs  must  be  calculated  by  an 
experienced  laboratory  technologist.  Management  must  recognize  that  a 
two-man  laboratory  can  turn  out  more  work  in  40  hours  than  a  one-man 
laboratory  can  turn  out  in  80  hours.  A  one-man  laboratory  lacks  flexibility 

in  scheduling  work.  ,  ,  ,  ^ 

A  bakerv  laboratory  should  include  a  laboratory  bake  shop.  The  day  c 
one-man  laboratory  bakes  bread  by  the  sponge  method,  no  other  tests  can 
be  performed,  since  the  baking  tests  require  the  full  attention  of  an 
operator  for  the  entire  dry.  Therefore,  if  baking  of  five  or  inore  samples 
is  required  daily,  no  other  tests  may  be  made  m  a  one-man  laboratoiv. 
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One  man  can  make  10  to  15  farinograph  curves  a  day.  However,  if  he 
tries  to  work  in  other  analytical  tests,  his  output  will  be  reduced  mate¬ 
rially.  This  is  pointed  out  to  make  sure  that  management  will  realize 
that  practical  scheduling  of  time  is  as  important  in  the  lahoiator)  as  it  is 
in  production. 

Too  often  the  cost  of  equipment  and  space  for  the  laboratory  are  care¬ 
fully  considered,  while  the  number  of  tests  required  and  the  personnel  to 
run  these  tests  are  not  so  carefully  considered.  In  trying  to  determine 
whether  or  not  a  laboratory  is  warranted,  the  capacity  required  should 
he  the  first  consideration.  When  the  capacity  is  determined,  an  expert 
should  be  called  in  to  figure  personnel  requirements  for  this  capacity. 
After  personnel  requirements  are  carefully  established,  determining  the 
size  of  the  laboratory  is  a  simple  matter. 

Whenever  a  bakery  laboratory  is  set  up  for  routine  analytical  work, 
enough  personnel  should  be  included  to  allow  for  research  and  develop¬ 
ment.  If  the  number  of  personnel  is  based  on  the  requirements  for 
routine  work,  no  time  will  remain  for  research.  Management  often  makes 
the  mistake  of  feeling  there  will  always  be  times  when  laboratory  per¬ 
sonnel  can  work  on  research  and  new  product  development.  This  mistake 
results  in  frustration  later  when  management  finds  there  is  never  enough 
time  in  the  laboratory  for  research  projects. 


ROUTINE  TESTS  ESSENTIAL  IN  BAKING 

Tests  required  fall  into  three  classifications.  First  in  importance  is 
ingredient  testing.  Second  is  finished  products  testing.  Third  is  testing 
of  new  products  offered  by  suppliers  to  the  baking  industry.  Details  of 
research  procedures  or  testing  programs  will  not  be  considered  in  this 
section. 

The  tests  necessary  in  a  bakery  laboratory  will  vary  depending  on  the 
tyrpe  of  products  manufactured.  A  bakery  devoted  to  the  production  of 
cookies  and  crackers  would  require  a  different  testing  program  than  a 
bakery  devoted  to  yeast-raised  products.  Likewise,  a  cake  I)akery  would 
have  a  different  set  of  tests  than  those  required  in  a  pretzel  bakery. 

Ingredients  to  be  tested  and  the  common  tests  essential  to  maintain 
uniformity  of  products  should  be  carefully  considered.  Unnecessary  tests 
should  be  avoided,  yet  all  essential  tests  should  be  run  regularly  on  all 
incoming  shipments  of  ingredients.  The  laboratory  should  be  equally 
vi^lant  and  careful  in  testing  the  finished  products  produced  in  the  plant 
0  check  properly  flour  for  a  yeast-raised  bakery,  the  laboratory  should 
check  flour  specifications  and  the  baking  performance  of  the  flour.  Bread 
flour  IS  sold  on  protein,  ash,  maltose  or  some  other  amylase  test  and  in 
most  cases  with  a  farinograph  specification.  Furthermore  Lr  a" 
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federal  limitations  on  moisture.  Therefore  to  check  flour  the  laboratory 
should  h('  s(‘t  up  to  run  ])rot('iu,  ash,  moisture,  amylase,  fariiio,i>;raph 
curves,  and  hakiii.u;  li'sts. 


To  t(\st  Hour  for  th('  cake,  eookii',  and  erac'ker  hakerv,  a  laboratory 
should  also  check  Hour  specifications  and  the  baking  performance  of  the 
Hour.  Soft  wheat  Hours  are  sold  on  protein,  ash,  moisture,  viscosity,  pH, 
and,  occasionally,  on  farinograph  specifications.  Therefore,  these  routine 
tests  should  be  set  up  in  a  laboratory  checking  flours  for  this  industry. 
In  addition,  specialized  baking  equipment,  constant  temperature  storage 
cabinets,  incubation  cabinets,  and  storage  cabinets  for  packaged  finished 
products  should  be  added. 

In  the  modern  bakery,  milk  is  used  in  both  yeast  leavened  and  chemi¬ 
cally  leavened  products.  Therefore,  provision  should  be  made  for  routine 
testing  of  milk  products.  The  important  tests  on  milk  are  moisture, 
acidity,  total  fat,  and  occasionally  bacteria  count  and  total  sugars.  Very 
few  modern  bakeries  use  liquid  milk;  however,  if  they  do,  then  equipment 
for  determining  total  solids  in  milk  should  be  included  in  the  laboratory 
plan. 

There  are  many  tvpes  of  shortenings  used  in  the  baking  industry.  It 
may  be  necessarv  to  include  some  fat  and  oil  testing  equipment.  In  yeast- 
leavened  products,  the  lard  or  shortening  should  be  checked  for  free  fatty 
acids  and  stabilitv.  These  two  tests  are  important  to  the  cake  baker  as 


well,  although  rancidity  of  fats  and  oils  may  be  less  important  because  of 
the  masking  effect  of  flavoring  materials  used  in  cakes.  The  cake  bakei 
needs  information  on  emulsifiers,  melting  points,  and,  on  occasion,  the 

iodine  number  and  the  stability  of  fats. 

In  the  cake  baking  industry,  eggs  are  a  very  important  ingredient  and 
the  laboratory  should  be  equipped  for  certain  routine  egg  tests.  Whether 
the  eggs  are  fresh,  frozen,  or  dried,  a  few  basic  tests  should  be  perfonned 
by  the  cake  bakery  laboratory.  Fresh  and  frozen  eggs  should  be  checked 
routinely  for  total  solids,  bacteria  count,  and  shell  fragments.  Dried  egg 
volks  and  frozen  yolks  should  be  tested  for  total  sugar.  Equipment  for 
iotal  fat  determinations  could  be  used  for  testing  both  yolks  and  win  es  of 
eegs  A  special  beater  for  the  mixer  can  be  purchased  which  could  be 
used  in  running  beating  tests  on  egg  whites  to  detennine  volume  and 


should  be  checked  routinely.  Hydrometers  cm. 

be  used  to  determine  the  brix  valne  of  both  syrups  and  » 

occasion  syrnps  should  be  checked  for  total  sugar  chemically.  This  ^ 
“no  Jpedal  equipment.  Syrup  ash  is  often  a  good  index  of  quahtv, 

‘’“S,:SLlrer  be  checked  for  total  fats  in  the  cake 
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l)akery  laboratory.  The  fat  test  will  serve  as  a  guide  to  maintain  quality 
and  uniformity  in  all  good  standard  chocolate  and  cocoa  piodncts. 

For  ('conomie  reasons,  it  is  not  always  wis('  for  a  laboratory  to  includt' 
e(jni]iinent  for  tests  that  arc'  run  only  occasionally.  The  investment  foi 
such  ('(piipment  is  not  warranted,  and  the  laboratory  pc'isonnel  will  have 
difficulty  in  fitting  occasional  tests  into  routine  operations.  Tests  that  can 
he  run  more  economically  by  a  commercial  laboratory  will  save  both 
dollars  and  man  hours.  For  this  reason,  no  provision  has  been  made  for 
vitamin  assay,  caloric  value,  lubricating  and  fuel  oil  testing,  water  analysis, 
etc.  The  tests  outlined  are  the  hare  essentials  for  routine  testing.  Ju  tlie 
preceding  chapter,  testing  procedures  for  detennining  quality  and  uui- 
formitv  of  finished  bakery  products  were  outlined. 


FITTING  THE  LABORATORY  TO  THE  NEED 


The  most  difficult  evaluation  to  make  in  setting  up  a  laboratory  is  the 
determination  of  what  is  adequate,  but  not  too  elaborate.  It  is  better  to 
under-equip  than  to  over-equip.  Additional  equipment  can  be  added  as 
needed.  On  the  other  hand,  more  laboratory  floor  space  than  appears 
necessary  should  be  allowed.  Planning  a  laboratory  with  a  bare  minimum 
of  floor  space  is  a  major  mistake  since  future  needs  are  usually  unknown. 
Unforeseen  personnel  and  equipment  requirements  will  arise  because 
new  tests  and  procedures  are  constantly  being  developed.  Therefore  at 
first  it  is  wise  to  use  only  part  of  the  floor  space  and  have  additional  space 
available  foi  expansion.  Compact  laboratories  reduce  fatigue  and  increase 
production  per  technician.  Additional  floor  space  can  be  put  into  use  as 
needed. 


Management  should  make  clear  to  all  key  personnel  the  cost  involved 
in  operating  a  laboratory.  Many  large,  elaborate  laboratories  have  been 
installed  without  other  departments  realizing  the  monthly  cost  which 
would  be  allocated  to  them  for  maintaining  the  laboratory.  Discontent  has 
resulted  purely  because  anticipated  costs  were  not  understood 
Top  laboratory  personnel  should  be  allowed  time  to  visit  manufacturing 
p  ants  which  supply  bakery  product  ingredients.  Visits  to  such  plants 
permit  the  chemist  to  understand  not  only  production  problems  but  the 
routine  testing  done  by  the  manufacturer.  Such  visits  should  materiallv 
reduce  the  necessary  testing  within  the  bakery  laboratorv. 


SMALL  LABORATORY  LAY-OUTS 

A  2  or  .3  man  laboratory  requires  economy  of  space  and  equipment  anrl 
a  tention  to  a  convenient  location.  So  many  factors  are  involved  h  lhTs] 
three  considerations  that  great  care  Tuncr  rA  •  i  •  tnese 

Ihree  are  given  full  attenbor;!  "" 
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A  small  laboratory  should  allow  approximately  twice  the  space  it  will 
use  initially.  A  lonj;  and  narrow  room  will  provide  greater  efficiency  than 
a  square  room  of  (Hpial  Hoor  space.  Wall  work-benches  and  center  work¬ 
benches  are  the  work  areas.  TIk'  aisltxs  between  thes('  should  be  wide 
enough  for  workers  to  pass  each  other  but  no  wider.  Kignre  197  shows 
the  right  and  wrong  way  to  build  the  laboratory  for  the  most  efficient  use 
of  floor  space. 


WRONG  PLAN 


Area  available 
for  expansion 


28'  X  14' 


392  sq.  ft.  of  floor  space 
52  ft.  of  bench  space 
plus  11  ft.  center  table 


320  sq  ft.  of  floor  space 
52  ft.  of  bench  space 
plus  II  ft  center  table 


Fig.  197.  Examples  of  Laboratory  Planning 


RIGHT  PLAN 


Area  available 
for  expansion 


16'  X  20' 


Before  any  attempt  to  plan  laboratory  lay-out  is  undertaken,  it  is  neces¬ 
sary  to  consider  air  conditioning,  outside  light,  plumbing,  gas  and  elec¬ 
tricity.  If  the  laboratory  is  to  be  located  in  the  bakery,  where  should  it 
be  located  to  take  advantage  of  all  of  these  three  factors?  In  some  cases 
it  might  be  economical  to  move  and  rearrange  heavy  bakery  equipment 
to  make  room  for  the  laboratory  in  a  particular  area  to  take  advantage  o 
these  factors.  At  times,  it  might  be  wise  for  the  laboratory  to  use  extra 
office  air  conditioning.  At  other  times,  the  location  of 
might  be  determined  by  source  of  electricity  or  convenience  ()f  ^ 

Careful  study  of  all  factors  in  selecting  laboratory  location  should  pi 

valuable  in  years  ahead. 

Air  conditioning  a  laboratory  provules  a  problem.  The  t » 
conditioning  a  room  bousing  protein  apparatus.  ^ 

and  moisture  ovens  is  very  high  because  the  a,r  cond.tio.nng  unit  must 
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large  enough  to  overcome  tlie  heat  put  out  by  such  equipment.  Often  it 
is  good  planning  to  have  a  separate  room  to  house  such  equipment  and 
to  have  no  air  conditioning  in  that  room.  However,  efficiency  of  opera¬ 
tion  of  laboratorv  personnel  should  not  be  reduced  materially  to  save  the 
cost  of  air  conditioning  equipment. 


Fig.  198.  Methods  of  Separating  Heat  Generating  Equip¬ 
ment  FROM  Air  Conditioned  Laboratory 

The  plan  on  the  left  shows  the  heat  generating  equipment 
collected  in  a  separate  room  while  the  plan  on  the  right  show's 
the  equipment  placed  under  a  hood  wdth  an  exhaust  fan. 
Legend:  (1)  Bake  oven;  (2)  Ash  muffles;  (3)  Protein  equip¬ 
ment;  (4)  Swinging  door;  (5)  Sink;  (6)  Water  still;  (7)  Mois¬ 
ture  oven;  and  (8)  Hooded  area  with  exhaust  fan  to  remove 

heat. 


The  cost  of  air  conditioning  is  between  3  and  4  times  greater  when  a 
unit  is  large  enough  to  overcome  the  heat  generated  by  laboratory  equip¬ 
ment.  Some  laboratories  have  been  designed  with  such  equipment  out¬ 
side  the  general  laboratory  without  creating  serious  inconvenience  or 
time  loss  to  personnel.  Fig.  198  shows  two  types  of  lay-outs.  The  sepa¬ 
rate  room  is  much  more  efficient  as  far  as  eliminating  heat  is  concerned, 
but  somewhat  awkward  for  laboratory  personnel  since  they  must  enter 
the  hot  room  to  make  protein  determinations.  The  protein  titrations  can 
be  done  in  the  air  conditioned  area.  The  hooded  area  as  shown  in  this 
same  Fig-  198  is  in  the  general  laboratory.  This  design  would  remove 
considerable  heat  but  the  air  conditioning  requirements  would  still  be 
approximately  twice  that  required  for  the  separate  room  design. 

The  scope  of  testing  and  the  number  of  samples  to  be  tested  should 
determine  the  size  of  the  laboratory.  Therefore,  a  two-  or  three-man 
laboratory  should  do  only  limited  testing.  Of  first  importance  to  anv 
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bakery  laboratory  is  the  laboratory  bake  shop.  Minimum  equipment  for 
a  yeast-leavened  bakery  laboratory  consists  of  mixer,  sponge  cabinet, 
dough  drawer,  niolder,  proof  cabinet,  and  bake  oven.  In  addition,  much 

small  equipment  such  as  scales,  burettes,  troughs,  pans,  compressometers, 
etc.,  would  be  needed. 


tiG.  199.  Layout  for  a  One  Man  Laboratory 

Bake  Shop 


(1)  Sink;  (2)  Sample  table;  (3)  Flour  scales;  (4) 
Dough  drawer;  (5)  Mixer;  (6)  Absori:)tion  burette; 
(7)  Table  molder;  (8)  Sponge  cabinet;  (9)  Proof 
cabinet;  (  10)  Bake  oven;  and  (11)  Bread  cabinet  and 

scoring  table. 


I - wall  A 


F'ig.  200.  Layout  for  a  Two  or  Three  Man 

Laboratory 

(1)  Sink;  (2)  Sample  talde;  (3)  Flour  scales;  (4) 
Dough  drawer;  (5)  Mixer;  (6)  Dough  burette;  (7) 
Table  molder;  (8)  Sponge  cabinet;  (9)  Proof 
cabinet;  (10)  Bake  oven;  (11)  Bread  cabinet 
and  scoring  table;  (12)  Ash  muffles;  (13)  Moi.sture 
oven;  (14)  Protein  equipment;  (15)  Water  still;  (16) 
Sink;  (17)  Protein  titration  equipment;  (18)  Boiling 
water  bath;  (19)  pH  meter;  (20)  Microscope;  (21) 
Incubator  for  bacteriological  studies;  (22)  Farino- 
graph  and  amylograph;  (23)  Analytical  balance;  (24) 
Fat  extraction  apparatus;  and  (25)  Viscosimeter. 


Tlie  iKiking  equipment  sliould  be  set  up  in  proper  sequence  so  the 
operator  could  move  from  flour  to  scales  to  mixer,  to  sponge  cabinet,  to 
mixer,  to  drawer,  to  mohler,  to  proof  cabinet,  to  oven,  and  to  the  scoring 
table.  The  baking  laboratory  should  be  in  an  area  where  no  ot  lei 
analytical  work  is  done.  This  would  give  the  baker  freedom  to  inove 
(luicklv  with  no  interference  from  fellow  workers.  ig.  ■  ■  s  ‘ 
sample  lay-out  for  the  bake  shop  for  one-man  test  baking.  .  se 
mixer  and  a  second  oven  need  to  be  added  if  cake  baking  is  to  lx  clone 

in  the  .same  laboratory. 
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The  clieinical  laboratory  would  reciuire  more  space  l^ecause  of  the 
variety  of  ecpiipnu'ut  and  procedures.  A  cheiuical  laboratorx’  would  need 
a  protein  still  and  digester,  ash  muffle,  moisture  oven,  fat  extraetor,  pH 
meter,  farinograph,  amvlograph,  analytieal  balances,  viseosimeter,  auto¬ 
clave,  microscope,  and  water  still.  In  addition  to  this  large  equipment, 
the  laboratoiA-  would  need  a  variety  of  glassware,  crucibles,  moisture 
dishes,  etc. 


Fig.  201.  Expansion  of  a  Two  or  Three  Man 
Laroratory  to  Make  a  Six  Man  L.yboratory 

\^'all  “A”  in  Figure  4  has  been  removed  and  the  labo¬ 
ratory  doubled  in  size.  Legend:  (1)  Increased  work 
area  for  general  laboratory;  (2)  Increased  work  area 
for  baking  laboratory;  ( 3 )  Sink  installed  in  baking 
area;  (4)  Oven  turned  to  face  new  baking  area;  and 
(5)  Old  oven  opening  sealed. 


The  chemical  laboratory  equipment  should  be  added  to  the  bake  shop 
equipment  as  shown  in  Fig.  200.  As  the  laboratorr-  enlarges,  Wall  A  could 
be  moved  because  no  permanent  plumbing  or  wiring  need  be  placed  in 
this  wall.  The  bake  shop  equipment  would  become  a  straight  line  opera- 
bon  suitable  for  two  men.  The  bake  oven  is  turned  around  to  face  the 
new  baking  area.  The  opening  for  the  oven  in  the  old  laboratorr-  is  sea  ed 
and  the  new  oven  opening  is  placed  in  the  new  wall  as  it  is  constructed 

ig.  -01  shows  the  increased  laboratory  with  Wall  A  removed  and  the 
new  walls  constructed.  Both  the  b  ibincr  i  •  i  ^ 
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LAY-OUT  FOK  A  LARGE  BAKERY  LABORATORY 

In  laying  nnt  a  large  bakery  laboratory,  it  is  necessary  to  reconsider  the 
scope  of  routine  testing  and  to  allow  space  for  research.  Requirements 
for  power,  gas,  lighting,  and  air  conditioning  should  be  given  the  same 
consideration  for  a  large  laboratory  as  for  a  small  one.  Every  test  to  he 


Courtesy  of  Rodney  Milliufi  Co. 

Fig.  202.  A  Lahge  Lahokatohv  Bakehv  ion  ^  b:AST  Lkavknko  I’hoducvis 


"■Wl 


run  in  the  large  laboratory  should  be  predetermined,  and  the  number  of 
tests  per  day  should  be  given  study.  Of  great  iinpoitance  in  a  laige 
laborator>-  is  making  full  use  of  all  personnel  every  hour  of  the  working 


(lav. 

.As  an  example,  let  us  assume  that  one  man  will  be  assigned  to  do  certain 
special  assays.  The  recpiired  number  of  these  assays  may  only  occup) 
four-fifths  of  his  work  week  hours.  This  leaves  one-fifth  of  his  time  avail¬ 
able  for  help  in  other  areas.  Quite  often,  this  time  may  be  available  only 
periodicallv.  In  this  case  it  is  important  that  his  time  be  used  in  a  work 
area  close  to  his  own  laboratory.  It  is  entirely  possible  that  this  man  may 
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be  available  one  hour  one  clay  and  as  much  as  five  hours  another  day. 
His  supplemental  work  should  be  of  a  nature  such  as  to  permit  him  to 
work  whenever  he  has  free  time.  Sometimes  rearrangement  of  piocedures 
would  permit  a  man  to  have  a  definite  time  every  day  for  help  in  other 
departments. 

In  a  large  laboraton',  work  needs  to  be  departmentalized,  so  laboratory 
lay-outs  should  also  be  departmentalized.  The  baking  department  must 
cover  all  types  of  anticipated  baking  and  must  be  large  enough  to  allow 


Courtesy  of  Rodney  Milling  Co. 

Fig.  203.  A  Clo.se-Up  of  the  Baking  Area 


of  personnel  so  no  interference  or  confusion  will  occur 
both  chemically-leavened  and  yeast-leavened  products  are  to  be  baked 

rTr-W  slKH  r'  baking. 

F  ^  -02  shows  a  large  yeast-leavened  laboratory  bake  shop.  It  is  obvious 

persom^l  to l\e Vrkesta,,tLutlv''''K!!Tfe  V' 

equipment  should  be  se,  up  to  allow'for  all  baking  r^ipaled 
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Courtesy  of  Rodney  Millinf;  Co. 


Pig.  204.  A  Close-Up  of  the  F.\hinoghaph-Amylogr.\ph  Area 


hakerv  slioiild  prove  helpful.  Fig.  203  shows  the  baking  area.  It  is 
compact,  yet  arranged  so  that  the  mixer,  molder,  and  oven  men  do  not 
interfere  with  one  another.  Fig.  204  shows  the  farinograph  and  amylo- 
graph  work  area  in  the  baking  laboratory.  Men  work  here  in  an  area 
that  no  other  technician  need  enter.  The  same  is  true  of  the  bread 
scoring  area  as  shown  in  Fig.  205. 

The  protein,  ash,  malt,  and  moisture  laboratory  could  be  divided  into 
two  rooms  joined  by  a  swinging  door.  4  he  balances,  ash  muffles,  moisture 
ovens,  and  maltose  equipment  could  be  in  one  air  conditioned  room  and 
the  protein  equipment  in  an  adjoining  room  not  air  conditioned.  Fig.  206 
shows  the  balances  and  hooded  ash  muffle.  The  ash  inufHe  hood  closes 
completely  by  lifting  the  bottom  sliding  door.  4  he  small  sipiirrel-cage 
type  exhaust  fan  in  the  top  of  the  hood  draws  in  a  small  amount  of  air 
through  the  ceiling.  4’hi.s  prevm.ts  heat  from  the  mtifhes  from  radiating 
into  the  air  conditioned  room. 

Adjacent  to  this  balance  room  is  the  protein  room  which  is  not  air 
conditioned.  The  same  balances  used  for  ash,  malt,  and  moisture 
determinations  can  be  used  to  weigh  samples  for  protein  determma- 
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Courtesy  of  Rodney  Milling  Co. 
Fig.  205.  A  Close-Up  of  the  Bread  Scoring  Area 


tioiis.  After  digestion  and  distillation,  the  distillate  is  returned  to  the 
air  conditioned  room  for  titration  and  calculation.  Fig.  207  shows 
the  protein  equipment  room.  The  louvered  door  at  the  far  end  of  the 
protein  room  automatically  opens  to  permit  air  to  flow  into  the  room  as 
the  ceiling  exhaust  fan  removes  the  hot  air.  Since  the  balances  are  not 
m  the  room,  high  velocity  air  currents  to  remove  heat  create  no  problem 
and  the  technician  has  a  comfortable  working  area. 

The  laboratory  department  allocated  to  sanitation  analysis  could  be  a 
small,  compact  room.  A  room  twelve  feet  square  is  ample  to  run  manv 
sucli  tests^per  day  This  is  a  one-man  laboratory  so  no  space  should  be 
wasted.  The  bench  along  one  wall  should  be  desk  height  and  the  remain- 
mg  l,e„cli  area  36  inches  higi,.  Tlie  desk  high  area  is  for  microscopic 
examinations  and  for  writing  up  reports.  The  higher  benches  are  for 
sample  pi  eparation  digestion,  and  separation.  Work  lienches  should  be 
enclosed  beneath  the  work  surface  for  storage  of  both  reagents  and 

:r,‘  7’r  those  that  wm  be  used 

Fid  0,  7-  100,11  beneath  the  bench  is  ret.uired 

Fig.  208  ,s  a  thagrani  of  lay-out  for  the  sanitation  laboratoiw. 
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le  iiiitiition  laboratory  can  vary  widely  in  size  and  design  depending 
on  the  scope  of  its  activities.  If  this  department  is  to  limit  its  activities  to 
meeting  label  claims  on  enrichment,  its  size  can  be  small.  If  assavs  for 
lysine,  antibiotics,  or  B  comple.x  vitamins  other  than  riboflavin,  tlhamin, 
and  niacin  are  to  be  made,  a  much  larger  lay-out  is  necessary.  Recent 
nutritional  data  indicate  that  bread  is  well  suited  to  introduce  micro- 
nutrients  into  the  American  diet.  The  contribution  made  by  the  baking 


Courtesti  of  Rodney  Milling  Co. 


Fig.  206.  A.sii,  Moisture,  and  Balance  Room 


industry  to  American  health  through  the  bread  enrichment  program  is 
well  recognized.  It  is  reasonable  to  expect  that  other  nutritional  con¬ 
tributions  will  be  made  and  the  laboratory  would  do  well  to  investigate 
procedures  and  a  testing  program  for  other  nutritional  supplements. 

A  nutrition  laboratory  that  will  assay  for  riboflavin,  thiamin,  niacin, 
and  iron  should  be  a  small,  compact  laboratory.  Equipment  necessary 
should  include  an  analytical  balance,  a  combination  fluorophotometer  and 
colorimeter,  a  centrifuge,  a  water  bath,  and  a  constant  temperature  cabi¬ 
net.  Small  equipment  such  as  a  time  clock,  glassware,  and  proper  shelves 
and  racks  would  also  be  needed.  In  Fig.  209,  a  suitable  lay-out  for  this 
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laljoratory  is  shown.  One  of  the  reagents  used  in  niacin  assay  has  a 
noxious  odor  so  a  small  hooded  area  with  an  exhaust  fan  should  be  added 
to  eliminate  the  fumes.  This  same  hood  could  be  used  when  boiling  acid 
for  the  iron  determination. 

A  laboratory  for  special  studies  of  both  finished  pioducts  and  products 
other  than  ingredients  should  be  fairly  large.  In  this  laboratory,  a  large 
product  scoring  bench  with  a  special  daylight  type  of  lighting  fixtures 


Courtesy  of  Rodney  Milling  Co. 
Fig.  207.  The  Photein  PIquipment  Room 


would  be  required.  Storage  cabinets  with  temperature  and  humidity 
controls  for  the  study  of  shelf-life,  rate  of  rancidity,  and  related  problems 
s  lould  be  installed.  In  such  a  laboratory,  moisture  barrier  wrapping  ma¬ 
terial  could  be  investigated.  Off-odors  due  to  paper,  ink,  or  aromatic 
pses  would  require  special  study.  Space  should  be  allowed  in  this  room 
tor  color  comparisons,  and  equipment  should  be  installed  for  the  measure- 
nient  of  product  volume  and  product  weight.  Shear  test  equipment 

in  *  “  '^'“"ipiessometer  would  be  necessarv 

.11  most  bakery  aboratories.  .A  home  freezer  with  a  quick  freezrcom 

partnieiit  could  be  included  if  the  baker>.  is  producing  frozen  products" 
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any  kind  The  lay-out  of  this  special  study  and  product  testing  labora- 
01  y  could  be  as  elaborate  and  all  inclusive  as  the  bakery  can  afford 
However  a  large  room  should  be  provided  even  if  only  partially  used  and 
equipped,  since  continually  recurring  problems  mav  soon  demand  added 
space,  equipment,  a.ul  personnel.  No  lay-out  is  pi'esentecl  for  this  room 
because  the  size  and  equipment  plan  would  depend  on  the  knowledge 
and  imagination  of  the  laboratory  director. 


1"  ic;.  208.  A  Sanitation  Lahohatoky 

(1)  Report  writin^f  tatile  ( de.sk  heij^ht);  (2)  Micro¬ 
scope  area  (desk  heiKlit);  (3)  Sample  preparation;  (4) 
Hot  plate;  (5)  Separatory  funnels;  (6)  Sink;  (7) 
Storage  cabinet;  and,  (8)  Rolling  cart  for  samples. 


Fig.  209.  A  Nutritional  Laboratory 

Designed  for  thiamin,  riboflavin,  niacin,  and  iron 
analyses  only.  ( f  )  Sample  table;  ( 2 )  Analytical 
balance;  (3)  Sink;  (4)  Hooded  area  and  burners; 
(5)  Constant  temperature  cabinet;  (6)  Dark  room; 
(7)  Fluorophotometer;  (8)  Sample  preparation;  (9) 
Centrifuge;  (10)  Boiling  water  bath;  and  (11)  Ash 

muffle. 


Another  room  of  importance  for  the  large  departmentalized  laboiatoiy 
is  the  stock  room  or  storage  room.  In  addition  to  space  for  storing 
samples,  glassware,  and  chemicals,  the  room  should  have  space  foi  equip 
ment  storage  and  a  laboratory  work  bench  with  tools.  Many  chemists 
can  be  capable  mechanics  if  they  have  the  tools  to  work  with  and  an 
area  in  which  to  work.  Small  but  costly  eciuipment  repairs  could  be 
accomplished  in  this  room,  and  so  eliminate  the  cost  of  shipping  equip¬ 
ment  to  the  manufacturer  as  well  as  lost  man  hours  while  the  equipment 

is  out  of  the  lalioratory.  w  f 

A  practical  research  laboratory  would  depend  on  the  area  and  type  o 

research  anticipated.  If  management  desires  practical  research  m  the 
development  of  new  products  to  be  produced  in  the  bakery,  the  leseaici 
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laboratory  .should  be  basically  a  baking  laboratory.  If  research  is  wanted 
in  the  nutritional  field,  a  research  laboratory  could  be  included  in  an 
expanded  nutritional  laboratory  with  sufficient  space  and  equipment  to 
do  both  routine  work  and  research.  For  this  reason  the  research  labora¬ 
tory  lav-out  depends  on  the  area  of  investigation.  Ample  space  for  future 
expansion  in  the  research  laborator>^  is  vital  because  one  research  project 
leads  to  another,  ad  infinitum. 
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Fig.  210.  Small  Laboratory  for  C.xke, 
Cookie,  or  Cracker  Bakery 

(1)  Report-writingde.sk;  (2)  Library;  (3) 
Microscope;  (4)  Analytical  balance;  (5) 
Finished  product  cabinet;  (6)  Constant 
temperature  and  humidity  cabinet;  ( 7  )  Re¬ 
frigerator;  (  8 )  Bake  oven;  ( 9 )  Large  incu¬ 
bator  cabinet;  (10)  Hooded  area;  (11) 
Protein  ecpiipment;  (12)  Ash  muffle;  (13) 
Moisture  oven;  ( 14 )  Small  incubator 
cabinet;  (15)  Centrifuge;  (16)  pH  meter; 
(17)  Viscosimeter;  (18)  Fat  e.xtractor; 
(19)  Water  still;  (20)  Sink;  and  (21) 
Dough  wMrk  bench  and  mixer. 


A  small  room  for  writing  up  reports  and  calculating  results  could  be 
provided  adjacent  to  the  office  of  the  laboratorv  director.  This  room 
should  contain  a  typewriter,  and  adding  and/or  calculating  machine, 
report  files,  and  several  desk  height  work  benches.  This  room  would  be 
used  by  all  personnel  in  the  final  preparation  of  reports,  and  for  general 
meetings  of  personnel  with  the  laboratory  director.  The  research  librarv 
could  either  he  in  this  room  or  in  the  office  of  the  director. 

COOKIE,  CRACKER,  AND  CAKE  BAKERY  LABORATORY 

Tlie  space  and  equipment  required  for  this  type  laboratorv  would  be 

f,,  "n  >’1  "tilers.  The  Hoor  space  required 

r  a  small  i,  or  .3  man  laboratory  would  be  greater  because  of  .1(1.1  1 

speoalized  testing  and  larger  equipment.  The  basic  consideration'  as  To 
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The  sink  in  the  old  laboratory  is  now  at  (1).  Expansion  can  go  in 
direction  of  either  “A”  or  “B.”  “A”  has  some  phnnhing  advantage. 


location  of  laboratory,  additional  available  space,  and  air  conditioning 
would  be  the  same  for  this  type  of  laboratory  as  for  the  yeast  leavened 
bakery  laboratory. 

The  equipment  essential  for  such  a  laboratory  shoidd  include  protein 
equipment,  ash  muffle,  moisture  oven,  viscosimeter,  fat  e.xtractor,  cen¬ 
trifuge,  microscope,  analytical  balance,  bake  ov^en,  mi.xer,  molder,  refrig¬ 
erator,  several  humidity  and  temperature-controlled  cabinets,  incubation 
cabinet,  and  pH  meter.  In  addition,  the  necessary  glassware,  cookie 
sheets,  cake  pans,  moisture  dishes,  ash  crucibles,  etc.,  would  be  required. 

The  laboratory  lay-out  could  be  as  shown  in  Fig.  210,  or  the  analytical 
balances  could  be  brought  out  into  the  general  laboratory  leaving  micro¬ 
scopic  and  sanitation  work  in  the  laboratory  office  area. 

As  the  laboratory  grows.  Wall  A  could  be  removed,  and  expansion  conld 
be  in  that  direction.  A  door  could  be  put  in  Wall  A  between  the  sink  and 
the  office  door  if  this  would  provide  a  better  work  area  in  the  enlarged 
laboratory.  Many  arrangements  can  be  considered  in  the  expansion  of 
this  lay-out.  Fig.  211  shows  two  diagrams  of  expansion  lay-out  possi- 
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bilities.  Expansion  could  go  in  either  direction;  however,  an  added  room 
should  have  office  access. 

As  this  t\'pe  of  laboratory  expands,  it  would  be  necessary  to  depart¬ 
mentalize  somewhat.  The  first  step  would  be  to  have  a  separate  baking 
laboratorv.  Included  in  the  first  expansion  would  be  a  product  study 
laboratory  including  a  constant  temperature  humidity  cabinet,  storage 
space  for  baked  products,  space  for  baked  goods  scoring  and  for  special 
problems.  When  this  equipment  is  moved  from  the  original  laboratory. 


(1)  Finished  product  cabinet;  (2)  Refrigerator;  (3)  Constant  tem- 
perature  and  humidity  cabinet;  (4)  Dough  work  bench;  (5)  Bake  oven; 

(6)  Mixer  bench;  (7)  Sink;  (8)  Added  work  area  for  general  labora¬ 
tory;  and  (9)  Additional  work  area  available  if  the  laboratory  on  the 

left  is  not  added. 

considerable  added  work  area  would  become  available  for  the  general 
c  emiea  a  oratory.  This  added  space,  with  some  rearrangement  of 

“rkbXe  -'V  two 

A  hakmg  laboratory,  including  product  cabinets  and  refrigerator  could 
be  set  up  for  two-man  operation  in  the  new  area.  The  hake  oven  wouS 
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'oftTl  '  tT”'  rr*’  -"e 

ll  A.  The  new  aiea  could  he  arranged  as  shown  in  Fig.  212.  The 
l)aking  area  vyould  have  enougl,  room  for  a  two-niaii  operation  with  its 
own  door  to  the  office  for  report  writing. 

The  chemical  laboratory  would  be  increased  in  area  so  that  sanitation 
work  could  be  moved  in  from  the  office  and  new  equipment  could  be 

added.  This  enlarged  chemical  laboratory  could  accommodate  as  many 
as  four  men. 

There  are  many  ways  of  enlarging  a  laboratory  if  the  space  is  available. 
This  is  the  reason  it  is  so  important  to  build  the  first  small  laboratory  in  a 
mannei  that  will  permit  expansion  with  the  minimum  of  cost.  Plumbing 
and  wiring  should  be  avoided  in  a  wall  that  may  be  removed.  Extra 
power  and  plumbing  should  be  included  in  the  original  plans  so  when  it 
becomes  necessary  to  expand,  the  extra  sources  can  be  tapped. 

REPORT  FORMS  AND  INTERPRETATION  OF  LABORATORY  RESULTS 

Perhaps  the  laboratory  report  forms  and  the  interpretation  of  these 
fonns  is  one  of  the  most  controversial  matters  in  the  baking  industry. 
Importance  is  often  attached  to  differences  in  results  that  are  within  the 
experimental  error  of  the  laboratory.  A  baking  report  can  give  produc¬ 
tion  figures  which  can  in  most  cases  be  applied  by  production;  however, 
this  is  not  always  possible.  For  example,  the  laboratory  baker  can  deter¬ 
mine  the  absorption  of  a  Hour  down  to  a  fraction  of  one  per  cent,  vet  the 
production  department  cannot  always  take  this  figure  and  apply  it  to  the 
large  dough  mass  used  in  the  bakery.  This  could  be  because  the  mixing 
action  of  the  bakery  mixer  is  different  from  the  mixing  action  of  the 
laboratory  mixer,  or  for  any  one  of  several  other  reasons.  Many  examples 
of  poor  correlation  between  laboratory  results  and  production  results 
could  be  cited. 

Laboratory  results  should  be  taken  as  indexes  that  point  to  some 
basic  difference,  but  the  laboratory  can  seldom  give  positive  figures  that 
can  be  taken  as  a  whole  and  applied  in  production.  If  the  laboratory  says 
a  Hour  has  a  two  per  cent  higher  absorption,  and  production  finds  it  only 
has  one  per  cent  higher  absorption,  both  the  laboratory  and  production 
should  accept  this  fact.  Soon  production  will  find  that  by  the  application 
of  a  factor  to  laboratory  absorptions,  the  figures  become  applicable  in 
production.  This  principle  applies  to  many  laboratory  tests.  Even  the 
protein  determination  must  be  considered  in  the  light  of  the  findings  of 
many  laboratories  collaborating  on  the  same  sample.  Ihe  fact  that  a 
laboratorv  is  always  one-half  per  cent  high  on  collaborative  protein  tests 
does  not  iiecessarilv  prove  that  the  laboratory  is  wrong.  It  merely  proves 
that  laboratorv  is  Ihgh  compared  with  results  of  several  other  laboratories. 
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The  laboratory  must  point  out  to  production  differences  between  ship¬ 
ments  of  ingredients  that  are  significant  to  production,  ff  the  ash  of  a 
Hour  goes  up  from  .420  per  cent  to  .440  per  cent,  and  yet  the  baking 
properties  are  unchanged  and  the  Hour  color  is  unchanged,  the  difference 
in  ash  is  of  little  importance  to  production.  However,  this  same  differ¬ 
ence  in  ash  may  be  very  important  to  the  purchasing  department  if  flour 
is  purchased  on  an  ash  specification.  Therefore,  it  is  important  for  the 
laboratory  to  bring  to  the  attention  of  the  proper  person  variations  in 
ingredient  analyses.  Often  a  department  head  will  use  variations  that 
have  no  bearing  on  his  own  job  as  an  excuse  for  his  own  failures.  For 
this  reason,  the  laboratory  should  be  sure  that  all  significant  variations  are 
brought  to  the  attention  of  the  proper  department  heads. 

There  are  many  types  of  laboratory  report  forms  in  use.  Almost  all 
laboratories  evolve  a  report  form  pattern  which  fits  the  needs  of  all 
departments  of  the  bakery.  A  few  laboratories  have  one  form  for  the 
production  department,  another  for  the  sanitation  department,  another 
for  the  purchasing  department,  etc.  In  the  latter  case,  management 
receives  copies  of  all  reports  for  all  departments. 

It  is  almost  impossible  to  design  a  report  form  that  is  all  inclusive;  for 
this  leason  many  laboratory  directors  make  up  report  forms  for  each 
department.  Variations  found  in  ingredients  are  of  interest  both  to  pro¬ 
duction  and  purchasing  departments.  Variations  in  finished  products  are 
of  inteiest  to  both  sales  and  production  departments.  Sanitation  analyses 
of  ingiedients  and  sanitation  analyses  of  finished  products  are  also  of 

interest  to  different  departments.  All  laboratory  results  should  be  of 
interest  to  management. 

After  cliscussing  report  fonns  with  all  department  heads,  it  is  necessart- 
to  design  forms  that  are  satisfactory  to  all  concerned.  Production  will 
\^ant  a  copy  of  all  ingiedient  and  finished  product  analyses  except  possibly 
sanitation.  In  cases  where  whole  insects,  larva,  or  rodent  excreta  pellets 
are  involved,  the  problem  is  usually  in  the  plant  and  is  important  to  both 
proc  uction  and  sanitation.  In  such  cases,  production  will  want  and  should 

Iniivsis  f  t 

Fno'l  in  ‘''S’  organization  specializing  on  labels  and 

wSi,;:  -I”"-  »■ 

chased  including  ingredients  t  , i  i  e  s  P-.r- 

etc.  The  maintenance  dep  riten  t  i  T t'"’ 

or  grease  show  up  in  products  and  .Z  f  l’  ''^‘‘K'oonts 

-Uie  to  faulty  operation  of  eipiipinent.'  The  rbctof  ttZftZt 
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reports  will  vary  depending  on  the  number  of  departments  affected  by 
results. 

A  report  form  designed  for  the  production  department  should  include 
the  analyses  of  ingredients  and  finished  products.  Such  a  form  can  be 
designed  in  many  different  ways  depending  on  the  demands  of  the  pro¬ 
duction  department  and  the  number  of  analyses  carried  out  in  the  labora¬ 
tory.  Many  laboratories  will  have  one  report  fonn  for  flour,  another  for 
milk,  and  still  a  third  fonn  for  other  ingredients.  In  designing  a  report 
for  the  production  department,  it  is  necessar\%  of  course,  to  include  baking 
results.  Therefore,  the  production  report  fonn  for  flour  must  include 
protein,  ash,  moisture,  color,  farinograph,  amylograph,  and  baking  results. 
The  production  department  s  report  on  milk  should  include,  in  addition  to 
the  chemical  analyses,  a  report  on  its  performance  in  test  baking.  Separate 
report  forms  for  lesser  ingredients  need  not  be  made  up  in  a  standard 
form,  since  the  laboratory  will  test  routinely  other  ingredients  used  both 
chemically  and  in  laboratory  baking  tests.  Therefore  a  regular  baking 
report  form  will  give  the  production  department  the  necessary  informa¬ 
tion  needed  when  two  different  types  of  yeast  food,  sugar  materials,  or 
diastatic  malts  are  compared.  In  addition  to  report  forms  for  ingredients, 
it  will  be  necessary  to  have  standardized  forms  for  reporting  the  quality 
of  finished  products.  This  will  include  various  systems  of  scoring  prod¬ 
ucts,  scale  weight,  performance  of  slicer  and  wrapper,  and  any  othe^ 
information  which  the  laboratory  and  production  departments  agree  are 
important  to  measure  the  quality  and  uniformity  of  products  produced. 

The  report  form  for  the  sales  department  should  be  limited  to  finished 
product  scoring,  weighing,  compressibility,  shelf  life,  slicing  and  wrapping. 
It  is  a  simple  matter  to  design  the  production  department’s  product  scoring 
form  so  that  a  copy  can  be  submitted  to  the  sales  department. 

Report  forms  for  the  sanitation  engineer  should  include  laboratory 
sanitation  analysis  only.  Whenever  whole  insects,  whole  larvae,  or  whole 
rodent  excreta  pellets  are  found,  the  report  should  go  to  the  production 
department  also,  since  it  indicates  an  “in  the  plant  problem.  Such  a 
problem  needs  the  combined  efforts  of  the  sanitation  engineer  and  the 
production  superintendent.  Sanitation  reports  showing  insect  fragments, 
rodent  excreta  pellet  fragments,  or  rodent  hair  m  the  finished  product 
would  indicate  that  the  problem  is  probably  in  one  of  the  ingredients  used 
in  production.  After  the  contaminated  ingredient  is  located  by  analysis, 
the  contaminated  ingredient  must  be  reported  to  the  purchasing  depart¬ 
ment  so  that  the  department  can  set  up  stricter  specifications. 

Occasionally  the  maintenance  department  will  need  a  copy  of  eit  ler 
bread  score  or  sanitation  reports  when  certain  conditions  affecting  le 
finished  product  can  be  traced  to  that  department.  Machine  grease  or 
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metal  e(|iiipment  fragments  found  in  finished  products,  as  mentioned 
before,  should  be  reported  to  the  maintenance  department. 

The  report  forms  for  the  purchasing  department  should  be  designed 
specifically  for  them  to  cover  not  only  ingredient  analysis  but  periodic 
tests  of  wrapping  materials,  cartons,  oils,  greases,  and  other  products  pur¬ 
chased  which  require  a  laboratory  check  for  uniformity  and  quality.  On 
the  special  report  form  for  this  department,  room  should  ])e  left  for  the 
chemist  to  write  in  any  specific  observations  production-wise  of  importance 
to  the  purchasing  department. 

It  is  impossible  to  have  a  standardized  report  form  suitable  for  new 
product  development  reports.  Such  reports  will  have  to  be  written  in 
detail  and  submitted  to  management  and  sales  departments  along  with 
samples  of  the  products  involved.  It  is  important  to  remember  that  new 
product  development  is  a  two-way  program.  The  sales  and  management 
departments  should  submit  in  written  form  an\'  ideas  they  ha\'e  regarding 
new  products  for  the  laborator\'  to  inv'estigate,  and  the  laboratoiA’  shoidd 


in  turn  report  back  its  progress  in  new  product  development. 

Many  special  studies  involving  shelf-life  of  products  produced  in  the 
bakery  will  require  written  reports.  Such  reports  need  to  be  detailed  and 
specific  in  some  cases  and  generalized  in  others.  Therefore  any  sort  of 
standardized  report  form  is  impossible  for  this  use.  The  technique  and 
the  study  of  ingredients  used  when  considering  shelf  life  of  a  product  will 
vary  with  each  product  studied. 

All  product  testing  in  the  laboratory  should  be  designed  to  bring  out 
the  maximum  effect  of  operating,  ingredient,  and  formula  variations. 
L  niess  significant  differences  are  reported,  the  reports  become  inetfectix  e 
Showing  slight  variations  which  cannot  be  found  in  actual  commercial 
production  will  mean  nothing  to  the  sales  department,  production  depart¬ 
ment,  or  management,  and  therefore  should  be  avoided  even  though  thev 
are  reproducible  under  laboratorx-  conditions.  On  the  other  hand  when 
riily  significant  x-ariations  are  observed  in  the  laboratorv,  these  should  be 
rrought  to  the  attention  of  all  departments  concerned,  xxith  siifficieiit 
emphasis  so  the  results  will  be  observed.  For  this  reason,  all  report  ton 
hoiild  be  designed  xxith  the  thought  in  mind  that  small  varLions  are 
msignificant.  whereas  large  xariations  demand  attention  and  action 
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or  any  other  department.  If  it  is  under  tlie  production  department,  there 
may  possildy  he  a  eotifliet  of  ^oals  which  will  prevent  the  laboratory  from 
repoiting  all  findings  in  an  unbiased  fashion.  The  production  department 
will  want  high  scores  on  all  finished  products.  When  production  problems 
arise,  pressure  will  be  put  on  the  laboratory  to  find  fault  with  equipment 
or  ingredients;  there! ore,  pressure  which  might  effect  its  findings  can  he 
ax'oided  only  if  the  laboratory  is  responsible  directly  to  management. 

Friction  can  also  be  caused  by  the  difference  in  evaluation  of  products 
by  the  production  and  sales  departments.  The  sales  department  may 
claim  that  the  products  are  not  up  to  standard  quality-wise,  or  are  staling 
too  fast,  or  are  off-color.  Production,  on  the  other  hand,  may  claim  that 
the  products  are  as  they  have  always  been  and  so  disagree  with  the  sales 
department.  The  laboratory  can  step  into  this  breach  only  if  it  is  com¬ 
pletely  independent  of  both  departments.  Then  laboratory  studies  of 
sales  complaints  can  be  unbiased,  and  both  the  production  and  sales 
departments  can  depend  on  laboratory  findings. 

Management  should  find  out  what  each  department  requires  from  the 
laboratory  and  should  convey  these  requirements  to  the  laboratory  di¬ 
rector.  Wdien  additional  testing  is  required  in  the  laboratory,  this  informa¬ 
tion  too  must  come  directly  from  management.  All  activities  of  the  laho- 
ratorv,  therefore,  are  directed  by  management,  even  though  management 
may  have  nothing  to  do  with  determining  what  specific  tests  are  required. 

The  laboratorv  director  should  be  invited  to  sit  in  on  weekly  confer¬ 
ences  between  management  and  department  heads.  At  times  it  may  he 
appropriate  for  a  laboratory  man  to  sit  in  at  sales  and  promotion  meetings 
so  that  he  fidly  understands  the  problems  and  methods  of  those  depart¬ 
ments.  Certainly  the  director  of  the  laboratory  can  be  of  great  help  to 
the  production  superintendent  in  periodic  meetings  with  personnel.  By 
complete  cooperation  with  ail  departments,  the  laboratory  \vill  be  of 
greatest  service  to  the  baking  company. 


USING  THE  SERVICES  OE  C:ONSULTING  LABORATORIES 
There  will  be  many  times  and  occasions  w  hen  management  can  make 
use  of  consulting  laboratories.  Laboratories  which  specialize  in  certain 
fields  can  be  of  great  help  in  supplementing  work  done  in  the  hakery  lab¬ 
oratory.  Laboratories  specializing  in  almost  any  field  can  be  found  to 
handle  special  problems  economically  and  (piickly.  Bacteriological  lab¬ 
oratories  can  be  of  genuine  service  when  problems  of  this  type  aiise.  Be¬ 
ing  specialists  in  bacteriological  work  they  can  often  spot  trouble 
gest  a  remedy  quickly.  When  the  problem  involved  is  of  a  specialized 
nature,  full  consideration  should  be  given  to  outside  laboratory  helji  le- 
fore  having  work  undertaken  in  the  bakery  laboratory. 
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Probably  more  bakery  laboratories  have  their  vitamin  assay  work  done 
by  outside  laboratories  than  do  the  work  themselves.  The  vitamin  assay 
work  is  not  a  routine  test  that  needs  to  be  done  daily,  and  therefoie  cannot 
be  set  up  on  a  regular  schedule  like  other  laboratory  testing.  Assuming 
that  this  needs  to  be  done  once  monthly  on  a  variety  of  products,  it  will 
throw  a  tremendous  load  on  the  vitamin  laboratory  at  one  time.  As  soon 
as  the  work  is  completed,  the  vitamin  laboratory  will  not  be  busy  until 
the  next  group  of  samples  is  received.  Staggering  sample  arrival  will 
not  always  accomplish  the  desired  result  in  maintaining  uniformity  of 
laboratory  load.  The  cost  of  outside  laboratory  vitamin  analysis  is  also 
a  factor  in  deciding  whether  or  not  this  testing  should  be  done  by  an 
outside  commercial  laboratory.  If  it  can  be  done  in  the  bakery  laboratory 
for  less  than  one-half  the  cost  of  having  it  done  in  a  commercial  labora¬ 
tory,  the  inclusion  of  a  vitamin  laboratory  is  justified  (the  cost  mentioned 
refers  to  personnel  man  hours  only ) . 

In  many  cases,  it  may  be  advisable  to  have  all  sanitation  analysis  done 
by  a  commercial  laboratory  specializing  in  this  field.  In  other  cases, 
bakeries  have  a  sanitation  service  which  includes  fumigation,  inspection, 
and  sanitation  analysis.  Costs  for  both  types  of  laboratory  service  should 
be  evaluated  against  costs  of  having  the  same  work  done  in  the  bakery 
laboratory.  A  decision  can  be  made  on  the  basis  of  cost,  keeping  in  mind 
the  convenience  of  in-the-plant  testing. 

The  economics  of  using  outside  laboratories  to  supplement  work  done 
in  the  bakery  laboratory  are  often  worth-while.  Whenever  a  large  number 
of  tests  aie  lequired  for  a  short  period  of  time,  it  is  wise  to  investigate  the 
possibility  of  using  the  services  of  a  commercial  laboratoiy  capable  of 
making  large  numbers  of  such  tests  quickly  and  routinely.  For  example, 
if  a  bakery  decides  it  would  like  to  have  the  total  sugar  analvsis  run  on 
all  products  produced,  the  sugar  determinations  would  be  verv  time  con¬ 
suming  and  expensive  in  the  bakery  laboratory  and  might  be  more  eco¬ 
nomically  done  by  a  commercial  laboratory. 

It  is  wise  to  keep  in  mind  at  all  times  the  possible  use  of  commercial 
and  consulting  laboratories.  The  time  required  for  the  analysis  and  the 
man  hours  lost  are  the  principal  considerations  in  deciding  when  to  use 

o.itSKle  help.  Specialized  laboratorie.s  should  be  considered  whenever 
specialized  problems  arise. 


laboratory  personnel 

Sources  of  laboratory  personnel  fall  into  the  cate.irories  of  nniversitv 
tranred  sc.ent.sts  and  trade  school  or  experience  trained  technician^ 
Umve.sity  trained  men  need  not  be  trained  specifically  for  the  cereal 
.ndnstry.  but  may  be  trained  as  general  chemists,  organic  cbemistro! 
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chemical  engineers.  Any  good  university  graduate  with  a  major  in  chein. 
^  ry  should  develop  into  a  capable  technologist  for  the  bakery  laboratorv 
I  he  degree  of  training  of  lahorafory  technicians  should  determine  their 
potential  in  routine  as  well  as  creative  work. 

There  are  many  good  schools  for  training  bakeiy  personnel  hut  rela¬ 
tively  few  specializing  in  the  field  of  cereal  chemistry.  The  University  of 
Minnesota,  the  University  of  Nebraska,  Kansas  State  University,  Okla¬ 
homa  State  University,  and  Florida  State  University  have  departments 
where  it  is  possible  to  major  in  cereal  chemistry  or  in  a  closely  allied  field. 
Such  giaduates  would  have  an  advantage  over  graduates  from  schools  not 
specializing  in  these  subjects.  Florida  State  University  and  Oklahoma 
State  University  have  special  baking  school  departments  which  provide 
excellent  training  for  potential  bakery  laboratory  personnel.  Kansas  State 
University  has  the  added  advantage  of  a  Hour  milling  and  feed  milling 
school  on  the  campus  which  provides  its  students  with  an  insight  into  the 
background  of  baking  chemistiw. 

Such  schools  as  the  American  Institute  of  Baking,  the  Siebel  Institute, 
the  Dunwoody  Institute,  and  many  others  provide  excellent  training  for 
non-university  graduates  who  would  like  to  become  laboratorv  techni¬ 
cians.  The  old  adage  that  there  is  no  training  like  experience  is  also  true 
for  laboratory  personnel.  People  who  have  had  years  of  experience  in  a 
cereal  laboratory  where  baking  is  done  routinely  can  prove  very  valuable 
in  a  bakery  laboratory. 

In  selecting  laboratory  personnel,  many  factors  must  be  considered. 
The  director  of  the  laboratory  must  get  along  well  with  other  people. 
After  this  consideration,  his  academic  background  and  experience  should 
determine  his  suitability. 

Selecting  other  personnel  should  primarily  be  on  the  basis  of  laboratory 
experience.  Laboratory  technicians  familiar  with  one  type  of  analytical 
work  can  quickly  adjust  to  another  type  of  work.  Of  more  importance 
is  the  consideration  of  an  applicant  s  ability  to  do  routine  analytical 

procedures  quickly  and  accurately. 

It  would  be  up  to  the  laboratory  director  to  train  each  member  of  his 
staff  to  do  the  work  as  he  wants  it  done,  using  the  procedures  and  tech¬ 
niques  that  he  prescribes.  He  should  train  his  personnel  to  turn  out 
volume  results  according  to  his  direction  and  with  accuracy  within  the 

limits  of  the  test. 

Every  member  of  his  staff  must  be  directly  responsible  to  the  laboratory 
director  and  to  him  alone.  Before  final  reports  are  made  up,  the  director 
of  the  laboratorv  should  look  over  all  results  and  make  sure  they  are 
correct.  Whenever  a  result  appears  to  be  out  of  line  he  should  ask  the 
chemist  involved  to  recheck  his  work.  Accuracy  in  the  lahoratory  is  t  ie 


'llll£  BAKERY  LABOBATOBY 


661 


keystone  that  holds  the  laboratory  closely  to  all  other  departments  in  the 
bakery  because  accuracy  builds  confidence. 
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Acidity  test,  for  milk  products,  123 
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Air  separation,  of  flour  fractions,  15-16 
“Airslide”  railroad  cars,  324-325 
Albumen,  pan-dried,  192 
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classification  of,  223 
determination  of,  22-23 
fungal,  233 

in  continuous  processes,  475 
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mixing  procedures  for,  357 
Beef  fats,  139-143 
Benzoyl  peroxide,  16-17 
Bile  salts,  204,  286 
Biscuits,  air-leavened,  283 
Bleaching,  of  fats  and  oils,  150-151 
of  Hour,  16-18 
Bottlers’  sugar,  182 
Bowl-type  rounder,  436-437 
Bread,  canned,  523-524 
defects  of,  262-264 
Havor,  contribution  of  bacteria  to,  59 
flavor,  contribution  of  browning  reac¬ 
tion  to,  60-61 
Havor  of,  57-61,  248 
Hours  suitable  for,  14 
French,  251 

inactive  yeast  in,  35,  65 
Italian,  251 

nonfat  dry  milk  in,  102 
rye,  19,  254 

shortenings  suitable  for,  160-161 
Standards  for,  250 
sugar  usage  in,  170 
Vienna,  251 

wheats  suitable  for,  5-6 
whole  wheat,  252,  476 
Brown  sugars,  183 
Browning  reaction,  487 

effect  of  malt  products  on,  222 
in  crust  of  bread,  263 
in  egg  solids,  192 
rates  with  different  sug  ars,  177 
Buffers,  231 

Bulk  storage,  316-317,  322-323 
Burners,  types  of,  494-495 
Butter,  142-143,  264 
Butterfat,  determination  of,  122 
fatty  acids  of,  104 
Buttermilk,  dry,  102,  120-122 
amount  consumed,  102 
moisture  tests  for,  122 
requirements  for,  120-121 

C 

Cacao  products,  225-228 
Cakes,  air-leavened,  284-286 
dry  milk  in,  102,  113-114 
faults  and  remedies,  279-280 
formulas  for,  273-275 
freezing  of,  545-546 

j^^y-'^^'^rtening  adecpiacy  for,  166- 

x\'heats  suitable  for,  6-7 
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Calcium  peroxcle,  228-230,  234,  250 
Candida  monosa,  36 
Candida  (TortdopsLs)  utilis,  36-37 
Canned  bakery  products,  517-532,  534 
bacteriological  aspects  of,  531-532 
Cans,  for  baked  products,  52 1 
Caraway  seed,  240-241 
Carbohydrates,  of  wheat  flour,  12-13 
Cardamom,  240 

Casein,  effect  of  heat  on,  109-110 
Cassia,  236-237 
Cephalin,  104,  199,  207 
Chalazae,  195 
Chefaro  balance,  68 

Chemically-leavened  goods,  defects  and 
remedies,  279 

processing  methods  for,  278-279 
Chiffon  cake,  290-291 
Chlorine,  effect  on  pH,  17 
in  water,  effect  on  doughs,  94 
cpialitative  test  for,  24 
use  in  flour  treatment,  16-17 
Chlorine  dioxide,  16-17 
Chocolate  liquor,  226-227 
Cholesterol,  105 
in  eggs,  199 
Cinnamon,  236-237 
Clears,  8-9 
Cloves,  238 
Cocoa,  226 
Dutched,  227 

Federal  specifications  for,  227 
Cold  storage,  315-316 
Condensers,  378 
Conduction,  492-493 
Confectioners  sugar,  180-181 
Congealing  point,  163-164 
Continuous  metering,  of  liquids,  343-344, 
347-348 

of  solids,  344—345 
Convection,  493,  502-504 
Conveyors,  320-322,  467,  468-469,  507- 
509 

Cookies,  flours  suitable  for,  6-7,  271 
freezing  of,  550 

molding  equipment  for,  452-453 
use  of  oleo  oil  in,  141 
Cooking  oil,  143—144 
Corn  flour,  20,  234-235,  250 
Corn  sugars,  185-187,  299 
Crust  color,  177,  260 
Crackers,  454 

Cross-grain  moulding,  447-448 

D 

Danish  pastry,  258-259,  552 
“Daymatic”  mixer,  363—364,  366 
Defects,  of  yeast-leavened  products,  262- 
266 

Degenninator,  20 
Dehydration,  of  eggs,  203 
Deodorization,  of  fats,  150 


Design  temperature,  380 
Developer,  469-471 
Development  of  doughs,  4 
detennining  the  optimum,  260 
eflect  of  sugars  on,  177 
in  continuous  processing,  469-47 1 
Dew  point  temperature,  380 
Dextrose  equivalent,  185 
Diastase,  223 
Dilatometry,  164-165 
Disc  blender,  357 
Divider  oil,  431 
Dividers,  427—435 

Do-Maker  process,  459,  462-465,  474 
Dough  brakes,  452 
Dough  improvers,  228-230 
Dough  mixers,  continuous,  366-369 
Daymatic,  363-364,  366 
horizontal,  359-361 
planetary  type,  362-363 
Strahmann,  370 

Doughnuts,  freezing  of,  552-554 
frying  shortening  for,  160 
milk  solids  in,  114 

Doughs,  interaction  with  divider,  434-435 
mixing,  357 
specific  heat  of,  379 
Draw-plate  oven,  480-481 
Dri-fond,  183 
Driver!,  183 
Dry  storage,  314-315 
Dullness  limit  curv'e,  571 
Durum  wheat,  6 


Fdestin,  12 

Egg  “tex”  products,  202 
Egg  white  (also  see  albumen),  in  air- 
leavened  products,  282 
in  cakes,  272 

physico-chemical  characteristics  of, 
194-195,  197 
proportion  of,  in  eggs,  191 
whip  test  for,  214 
Egg  yolk,  color  of,  190 
composition  of,  199 
dried,  storage  life  of,  207 
foaming  properties  of,  200 
frozen,  standards  for,  202 
proportion  of,  in  eggs,  191 
Salmonella  in,  206-207,  216-218 
solids,  stabilized,  210 
Eggs  (also  see  Egg  White,  Egfi  \olks, 
etc. ),  color  test  for,  214-215 
eflect  of  season  on  properties  of,  205 
foaming  pr()perties  of,  207 
functions  of,  in  cakes,  210-212 
in  sweet  goods,  258 
production  and  processing  of,  189-1 J5 
testing  of,  213-218 
usage  of,  in  America,  188 
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Emulsifiers,  154-155 

in  continuous  processes,  40/ 
uses  for  polyoxyethylene  sorbitan  mono¬ 
stearates,  160 
Enzymes,  definition  of,  45 
proteolytic,  17 

Expansion  joints,  oven,  50d-od/ 
Extensograph,  description  of,  28 
Extruder,  471-472 


F 


l'’arinograph,  description  of,  25 

use  in  tests  of  milk  quality,  128-129 
l•"arinograph  curves,  11 

for  various  types  of  hours,  27 
interpretation  of,  25-26 
labor  required  to  perfonu,  637 
Fat  acidity,  determination  of,  23 
Fats,  amounts  consumed  in  manufactured 
goods,  136 

chemistry  of,  145-146 

effect  on  angel  food  cakes,  286-288 

tests  for,  605 

Fatty  acids,  of  animal  fats,  105,  146 
of  butterfat,  104 
of  eggs,  199 

of  vegetable  fats,  105,  146 
significance  of,  162 

Fermentation,  bread  dough,  course  of  pH 
in,  48 

effect  of  temperature  on,  47 
effect  of  thiamin  on,  231 
history  of  the  study  of,  40-42 
in  oven,  487 

loss  of  ingredients  due  to,  621-622 

minor  products  of,  42,  61,  248 

rate,  effect  of  salt  concentration  on,  54- 


rate,  effect  of  water  contaminants 
92-93 


on. 


sugars  susceptible  to,  171 
Fermentograph,  68 
Fiber  test,  609 
Films,  cellulose,  590 
foil  laminated,  593 
polyethylene,  591-593 
polypropylene,  593 
Filth  tests,  623 

Fisher  particle  size  tester  -^4 
Flip-tester,  520-521 
Flour,  air  separation  of,  288 
bulk  handling  of,  322 
composition  of,  12 
com,  20,  250 

for  continuous  processes,  460-461 
tor  pie  crusts,  298-299 
grades  of,  8 

organoleptic  tests  for,  32 
rye,  18-20 

soft  wheat,  uses  for,  271 
soy  bean,  20 

specifications  for,  14-15,  637-638 


stability  of,  13 
test  methods,  21-32 
wheat,  properties  of,  249 
Flowrators,  349 
Foam-type  cakes,  277 
Foils,  593-594 
Fondant,  dehydrated,  183 
Formula  balancing,  cakes,  210  -.ii 
Freezers,  555-558 

Freezing,  application  to  eggs,  2IM 
..  1  _ 1  cro'T  crOQ 


G 

Gas,  cells  in  dough,  4-5 

production,  determination  of,  23 
Gauges,  392 

Gay-Lussac’s  equation,  41 
Ginger,  238—239 
Glassine,  588-589 

Gliadin,  amino  acid  composition  of,  12 
in  rye  flour,  18 
properties  of,  13 
separation  from  glutenin,  13 
Glucose  oxidase,  192-193 
Glutathione,  55,  65 
Gluten,  3-4  ^ 

action  in  cakes,  272 
amino  acid  composition  of,  12 
coagulation  of,  in  oven,  487-488 
crude,  detemiination  of,  22 
fractionation  of,  13 

t  dutenin,  amino  acid  composition  of,  1 2 
in  rye  flour,  18 
properties  of,  13 
C  Greaseproof  paper,  588-589 


H 

Hearths,  materials  used  for,  495 
Heat-sealing  devices,  596-598 
Heat,  system,  trouble  shooting,  393-394 
transfer  of,  386,  391 
Honing,  572-575,  586 
Honing  angle,  573 
Horizontal  mixers,  359-361 
Humidity  lockout,  409 
Hydration,  of  gluten,  4 
Hydrogenation,  of  fats  for  shortenings, 
147 


I 

Icing  sugar,  183 
Icings,  167,  295,  547,  621 
Infiltration,  378 
Infrared  rays,  515 

Insects,  examination  for,  313,  623-624 
Insulation,  for  femientation  rooms,  412 
K  factor  for,  388 
Interesterification,  148-149 
Intermediate  proofers,  440-445 
Invert  sugar,  185 
Invertase,  39,  42,  46 
Iodine  value,  162 
Iron,  detemiination  of,  613 


666 


l^AKERY  TKCIINOLCKiY  AND  ENCINKERTNG 


K 

Kjeldalil  nu'thocl,  22 
Krehs’  cycle,  42 

I, 

Laboratories,  consulting,  658 
Lalioratory  lay-outs,  639-653 
Laboratory  personnel,  selection  of,  659- 
661 

Lactobacillus  hul^aricus,  59 
Lactose,  43,  52,  107,  121,  171-173,  263, 
607 

Lactylated  emulsifiers,  156 
Lard,  bulk  transport  and  storage,  331-332 
definition  of,  134-135 
in  pie  crusts,  299 

rearrangement  processes  for,  148-149 
types  of,  135-136 
uses  of,  138-139 
Leavening,  chemical,  5,  267-270 
Lecithin,  in  bntterfat,  104-105 
in  eggs,  199-200 
Lcuconostoc  spp.,  59 
Lencosin,  12 
Linoleic  acid,  13 
Linolenic  acid,  13 
Lintner  value,  225 
Lipase,  105 

Lipids,  determination  of,  22 
of  eggs,  199 
of  wheat  Hour,  13 

Lipoxidase,  action  in  continnons  process¬ 
ing,  476 

effect  of,  on  bread  Hour,  234,  476 
use  of,  in  flour  bleaching,  16,  234 

M 

Mace,  237-238 
Malt  flour,  222-224 
Malt  syrnp,  55,  250 
diastatic,  55,  223-224 
non-diastatic,  222-223 
use  in  bread,  225 
Maltase,  42,  171 

Maltose,  43,  50,  52-53,  171,  222,  489 
Manganese,  as  an  indicator  of  extraction, 
609 

Margarine,  bakers’,  161 
Materials  handling,  317-318 
Maturing  agents,  mechanism  of,  17-18 
Melibiose,  13 
Meringue,  213 

Milk,  bacteriology  of,  114-1 15 
constituents  of,  103 
for  continuous  processes,  460 
in  cakes,  272 
minerals  of,  108 
test  for,  607 

Milk,  concentrated,  115-117 
Milk,  dry  nonfat,  amount  consumed,  102 
bakery  tests  for,  130-131 
effect  ou  bakery  products,  110-111 


moisture  test  for,  122 
Milk,  dry  w  hole',  amount  coiismiu'd,  102 
moisture  tests  for,  122 
requirements  for,  120 
Mill  streams,  typical,  7-8 
Milling,  of  corn,  20 

gradual  re'duction  system  of,  7-8 
of  rye,  18 

Mills,  Biihler,  9-10 
Mineral  supplements,  61 1-612 
Mixing,  3-4 
Mixograph,  29 

Moisture,  amount  lost  in  baking,  176 
test  used  for  bread  and  cake  ( AOAC ) 
603-604 

test  used  for  milk,  122 
Moulding,  4 

Monoglycerides,  preparation  and  proper 
ties,  155 

tests  for,  605-607 
use  in  shortenings,  158 
Morton  w'hisk,  292 
Moulders,  445-452 
Multi-cycle  tray  ovens,  482-483 

N 

Neutralizing  value,  269 
Niacin,  611 
assay  for,  613 

replacement  of,  by  tryptophan,  1 1 2 
Nitrogen  peroxide,  16 
Nitrogen  trichloride,  16-17 
effect  of,  on  dogs,  17 
Nitrosyl  chloride,  16 
Nutmeg,  237 

O 

Oakes  mixer,  292-293 
Oleic  acid,  13,  286 
Oleo  oil,  analysis  of,  141 
preparation  of,  140 
Oleo  stearin,  analysis  of,  141 
preparation  of,  140 
properties  of,  141 
Oleo  stock,  analysis  of,  141 
preparation  of,  140 
Ovalbumin,  196,  198 
Ox  en  loaders,  512 
Ox^en  unloaders,  513 
Ovens,  controls  for,  513-514 
draw-plate,  480-481 
effectiveness  of,  504-506 
multi-cycle  tray,  482-483 
peel,  479-480 
rating  of,  497 
reel,  481 
rotary,  481 

single-lap  tray  type,  483 
tunnel,  484—485 
Ovomucin,  196-197,  201 
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p 


Packaging  machinery,  594—598 
Packaging  materials,  587-594,  621 
Pallets,  319 
Palmitic  acid,  13 
Pancakes,  frozen,  550-551 
Pan-proofing,  chart  for  calculating  condi¬ 
tions  of,  385 

conditions  suitable  for,  377 
Panel  tests,  629-634 
Paper,  white  bakery  stock,  589-590 
Particle  size,  determination  of,  23-24 
Pastries,  fats  used  in,  138-139 
flours  suitable  for,  6-7 
Pecan  roll,  canned,  529-531 
Peel,  479 

Peel  oven,  479-480 
Peroxide  value,  163 

pH,  changes  in  eggs  during  storage,  196 
definition  of,  98 
effect  of  chlorine  on,  17 
effect  on  carbon  dioxide  evolution,  269 
effect  on  whipping  properties  of  eggs, 
203 


of  chocolate  cakes,  276 
of  flour,  determination  of,  23 
of  water,  measurement  of,  98 
Pie  crusts,  faults  of,  303-304 
flaky  type,  298 
flours  suitable  for,  298-299 
freezing  of,  54.3-544 
mixers  for,  362 
processing  of,  300-302 
use  of  lard  in,  138-139 
Pies,  fried,  crusts  for,  303 
Planetary  mixers,  362-363,  371-372 
Plasticity  of  shortenings,  methods  for 
achieving,  151-152 
tests  for,  166 


Potassium  bromate,  16-17,  21 
effect  of  pH  on,  91 
effect  on  doughs,  228-230 
in  continuous  processes,  461-462 
legal  limitations  on  use  of,  250 
use  in  bake  tests,  31-32 
Potassium  iodate,  16,  229,  250,  461-462 
Potatoes,  as  bread  ingredients  256 
Poundcake,  canned,  525-527  ’ 

Pow  dered  sugar,  182 
Precision  Universal  Penetrometer  628 
Premixing,  350-355 
Proofers,  automatic,  398-401 
types  of,  398 

Proofing  room,  cooling  of,  402-403 
doors,  389 

floors,  381,  389,  395-396 
operating  instructions  for  405 
sanitation,  391 


types  of,  397-398 
walls,  387 

Propionates,  detennination  of,  609-6 
effect  of  pH  on,  91 


effect  on  fennentation,  55 
effect  on  mold  growth,  232 
in  continuous  processes,  461 
legal  limitations  on  use  of,  251 
Protein,  determination  of,  22,  607,  609 
loss  of  nutritional  value  of,  622-623 
of  eggs,  denaturation  of,  197 
of  milk,  105-107 

Proteolytic  enzymes,  action  in  pre-fer¬ 
ments,  475 
fungal,  232-233,  263 
in  malt,  223 
Proteose,  12,  107 

Puff  paste  shortening,  161—162,  30.5 
Pufl  pastry,  304-306,  552 
“Pup-loaf”  baking  test,  31-32 

R 

Radiation,  492,  .500-501 
Radiators,  design  of,  499 
Raffinose,  13,  4.3 
Receiving  practices,  313 
Reciprocating  slicers,  .579,  581-582 
Refrigerants,  characteristics  of,  411 
Refrigeration,  operation  of,  422-423 
preventative  maintenance  for,  42.3-424 
principles  of,  416-421 
Relative  humidity  chart,  383 
Rendered  pork  fat,  136 
Report  forms,  6.54-657 
Resultant  angle,  .569 
Reverse  molding,  447-448 
Ribbon  blender,  352 
Roller  drying,  of  milks,  117-118 
Rope  spoilage,  65,  231-232 
inhibitors  for,  91 
Rotary-hearth  oven,  481 
Rounders,  435-440 
Rye  Hour,  amylases  in,  29 
specifications  for,  19 
Rye  sours,  2.54 


S 

Salad  oil,  143-144 
Salmonella,  206,  613 

tests  for,  in  eggs,  216-218 
Salt,  460 

Salt-rising  “yeast,”  255 
Sampling  of  shipments,  314 
Sanding  sugar,  180-181 
Saran,  593 

Scales,  automatic,  337 
manual,  334-336 
Scorched  particles  test,  124 
Scoring,  of  bread,  614-620 
of  cake,  620-621 
Sedimentation  test  of  Zeleny,  29 
Sensory  tests,  by  panels,  629-634 
Serological  test,  217-218 
Shear  angle,  .568 
Shell  eggs,  189-191 
importance  of  shell  strength  of,  190 
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Shelvinji,  318-319 
Shortcake,  551  ^  ^ 

ShorteniiijJis,  hulk  transport  and  handling 
of,  331-332 
for  pie  crusts,  299 
for  puff  pastry,  305 
in  continuous  processes,  458-459,  4o7 
lactylated,  285 

performance  tests  for,  166-168 
types  of,  156—160 
Skitls  and  skid  trucks,  319 
Sheer  band  guides,  566,  567 ,  576 
Sheer  blades,  565,  576,  581 
'Slicers,  for  bread,  563,  578 
for  rolls  and  buns,  579,  586 
Smoke  point,  165 
Sodium  bicarbonate,  267 
Sodium  caseinate,  121 
Sodium  diacetate,  91,  251,  609 
Softness  gauge,  564,  565 
Soil  types,  effect  on  wheat  cpiality,  9-iU 
Solubility  index  test,  124 
Soy  flour  derivatives,  233-234 
Specific  heat,  of  air,  379 
Spices,  235-241,  623 
Sponge  and  dough  process,  25.J--DG 
Spray  drying,  of  milks,  117 
Stability  tests,  163 
Starch, 5 

determination  ot,  zz 
effect  on  bread  staling,  h^7 
uelatinization  in  the  oven,  486 
granule  damage,  225-226 
Steam,  effect  on  crust  489 
source  in  the  oven,  4JU 
Stearin,  148 

Storage  conditions,  310-31z,  55.) 
Strahmann  mixer,  370,  47/ 
“Subtract-weigh  scaling,  33/ 

Sugars,  bulk 

determination  of,  607  ,7-71  on 

effect  on  baked  products, 
effect  on  dough  properties,  170-1// 
in  bread  doughs,  171 
in  cakes,  272 

licpiid,  185  ^ 

Sulfliydryl  groups,  18,  22 J,  -4.1 
Sweet  doughs,  straight  method  for,  ^.57 


X 

emperature,  effect  on  bread  slicing,  576, 
5T8 

of 'doughs,  calculation  of. 
empering  of  shortenings,  15  -  - 

ension  gauges,  for  sheer  bancK  576 
exture,  as  a  quality  factor  62(^62 
concept  and  measurement,  6^5  0.3 

liiamin,  assay  for,  611-01-. 
effect  on  yeast,  231 
loss  in  baking,  622 
ooth  fonns,  of  sheer  f’i‘oos,  5 
ray  ovens,  double-lap,  48.3 


multi-cycle,  482—483 
single-lap,  483 
Tray  stabilization,  510-511 
Trehalose,  43,  51 
Triethyl  citrate,  204,  286 
Troughs,  427 
Tunnel  ovens,  484-486 

U 

Umhrella-type  rounders,  436-4.37 


V 

Vapor  barriers,  382 

Viscosity,  changes  during  aging  of  egg 
yolk,  199 

test  applied  to  dairy  products,  129 
\htainins,  assays  for,  611-613 
of  butterfat,  105 
of  eggs,  199 

Vitelline  membrane,  198—199 
Volume,  effect  on  bread  acceptability, 
615,  633 

Vofumetograph,  68 

Volumetric  measuring  devices,  339,  615 
Votator,  332,  .350 


W 


Waffles,  frozen,  550-551 
Warehouse  equipment,  318—320 
Water,  additives  used  in,  81 
contamination  of,  75-78,  91 
impurities  in,  76—78 
measuring  the  hardness  of,  78-79 
pH  of,  90—91 
tests  applied  to,  96-101 
treatments  applied  to,  81-82 
Water  softening,  83-89 
Wet  bulb,  380 
W^et  bulb  depression,  380 
Wheat,  classification  of,  5-7 


hard,  5-6 
soft,  6-7 

Wdiey,  dry,  requirements  tor,  iZi 
effect  on  crust  color,  263 
proteins  of,  effect  on  doughs, 
proteins  of,  quality  tests  for,  Iz4-lz8 
Whipping  agents,  204-205 
Whitby  sedimentation  method,  Z4 
Whole  egg  solids,  fortified,  209 
special  blends,  209-210 
stabilized,  208 
standard,  208 

Wiley  melting  point,  164 
Winterization,  144 

Wrapping,  of  bread,  580 

Wrapping  operations,  seciuente  ot,  o.J- 


t  active  dry,  specifications  for,  6.) 
atomy  of,  37-39 
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